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ABSTRACT 
After students have taken years of science classes, they still believe science content is 
disconnected to the “real” world or to their lives. Teaching without attention to relevance 
results in decreased motivation for learning and negative attitudes toward science.  An 
instructional method incorporating physical, sport-related activities was used to develop 
relevance and enhance achievement in science compared to typical/traditional science 
instructional methods.  In the typical method, science lessons consisted of front-loading 
science content through direct instruction followed by a laboratory activity to confirm 
lesson content.  The experimental teaching strategy used was “Relevance Integration for 
Teaching Science using Sports Exploration” (RITSSE) lessons.  The impact of typical 
and RITSEE lessons on student learning and attitudes toward learning were compared 
and evaluated with daily lesson quizzes and monthly unit surveys.  The RITSSE lessons 
consisted of using active engagement in a sports activity related to the science content, 
thus front-loading relevance followed by the typical science instruction.  Eleventh and 
twelfth-grade students (n=16) attending a suburban Midwest high school an enrolled in a 
human physiology class participated in both lesson types.  A case study assessed the 
benefit of active, sport related lesson design.  Quantitative pre-and post-lesson quiz mean 
scores measured students’ science concept understanding.  Quiz questions were 
categorized as using typical or RITSSE methodology.  A two-tailed t-test was used to 
compare the mean scores of students’ pre-assessments with the mean scores from the 
post-assessments for each methodology.  The combined twenty-one quiz questions 
related to typical methodology yielded a mean increase of 21.8% (+ 4.2 SD).  The 
nineteen questions related to RITSSE instruction yielded a mean increase of 39.6% (+ 
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13.9 SD).  The statistical difference between mean scores was determined to have a p-
value where t (38) = 4.16, p < 0.01.  Qualitative descriptions measured attitude responses 
to pre-and post-instruction science unit surveys.  Science attitude changes were less 
dramatic.  In fifty-two of the ninety-two questions between the pre-and post-surveys 
administrations there was a positive change in the participant modal responses for fifty-
two of the ninety-two survey questions, five questions changed negatively and the 
remaining fifty-three survey questions had no significant change.  It was concluded that 
the RITSSE methodology of integrating relevant sports activities: (1) increased science 
concept understanding compared to typical methodology, and (2) led to a moderate 
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CHAPTER ONE: INTRODUCTION 
Many students find it difficult to connect their lives to the information presented 
in their science classrooms (Broman et al., 2011).  This leads to all-too-common phrases 
such as “When am I going to need this?” or “What does this have to do with anything?”  
These kinds of statements may be predictors of students at risk of falling short of 
achieving expected science standards.  Students making statements such as these may be 
showing signs of distress due to lack of understanding, misconceptions, or loss of 
motivation, all possibly stemming from lack of content relevance to real-life application 
(Treagust, 1988).   
 All too often science is considered to be a hard subject because teachers are not 
presenting the content knowledge of science in a way that generates a sense of relevance 
in the learner.  Pekrun and Linnenbrink-Garcia (2012) reported that students do not wish 
to sit in a classroom patiently waiting to find relevance while struggling to engage in the 
lesson.  Rather, they wish to participate in lessons with immediate content relevance in 
the real world.  The relevancies should serve as the rationale for why they are to learn 
science concepts.  Using an integrated approach of learning science content while 
participating in sport to enhance student achievement and attitude is proposed as a 
mechanism to provide real-world relevance to science concepts.  Eisenkraft (2012) 
proposed ABC (Activity Before Content) as an instructional design strategy in order to 
provide real-world relevance in science curricula. 
The practice of designing ABC educational lessons has its roots in the theoretical 
structure of Piaget’s theory and consists of three components: Schema, Adaptation & 
Cognitive Development (McLeod, 2018). Piaget originally used schema as a reference to 
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the actions of a student’s behavior related to their intellectual development.  Schema have 
since been expanded to include concepts and it is the organization of these concepts and 
behaviors that leads to the next component, adaptation.  When a novel stimulus is 
introduced, students can either assimilate it into the existing organization of the schema 
or can re-engineer the schema to accommodate the novel situation.   As a student gathers 
more experiences with novel schema and adapts those schema, their mental organization 
system becomes more skilled at predicting and conserving logical and abstract thoughts.  
This claim reflects Gauch’s (2003) AAAS book where he cites educational empirical 
studies providing evidence for (1) Better Comprehension, (2) Greater Adaptability, (3) 
Greater Interest, (4) More Realism, (5) Better Researchers, and (6) Better Teachers. 
Overall, our cultural mindset of professional sports currently includes the use of 
science to improve sports performances (Yessis, 1992).  Athletic professionals around the 
globe have applied principles of science to sports performance.  For these athletes, 
science has become relevant in the practice of their sport.  Yet, using physical activities 
in sport as a methodology for improving the relevance of science instruction has received 
little attention.  Such a teaching methodology could be a mechanism for improvements of 
academic achievement in the sciences and it was the intent here to examine this 
possibility.  Active engagement through a sport-related activity could improve high 
school students’ attitudes toward science learning, either because they themselves 
participate in sports or they are fans of sports.  Changing the flow of information in a 
direction of engaging the body in experiences to improve science learning and attitudes 
would reverse the cause and effect of Yessis’ correlation through the experimental 
teaching methodology proposed in this study - Relevance Integration for Teaching 
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Science using Sports Exploration (RITSSE).  Exploring new teaching methodologies that 
can make learning science more relevant for students is beneficial, as was the aim of this 
study.   
While the learning of new content is important, so too is the correction of 
common misconceptions even after students have taken years of science classes and even 
among the more proficient learners as suggested by Wiser (1995).  Misconceptions, for 
the purposes here, represent any mental conception that does not match the accepted 
explanation or relationships about a concept commonly held by the scientific community.  
These misconceptions can continue into post-secondary life, be it in college or as a 
citizen of the real world.  (Wiser, 1995) concluded that with very specific efforts directed 
toward individual misconceptions, it is possible to correct many students’ naive theories 
and realign them with conventional theories.  This process of conceptual change for the 
learner is analogous to paradigm shifts within the history of science culture development.  
If we are to focus on misconceptions consistent with Driver (1994) for secondary 
education, then students must be able to foster a critical analysis of scientific culture.  To 
use Piaget’s terminology, as new evidence is brought to light, accepted scientific theories 
must be adapted.  Misconceptions are recognized as occasional parts of the learning 
process, but here the active learning of relevant novel science content is the focus and 
misconceptions are relevant only as neural constructs to be addressed by another study. 
In addition to Piaget, Posner and Wittrock provided additional elements to the 
theoretical framework to be used.  Posner (1982) suggested that it is the identification of 
schema stemming from disequilibrium where misconceptions are generated.  Wittrock 
(1974) studied the construction of new schematic organizations through adaptation.  
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These theoretical extensions of Piaget’s theory serve as a foundation by which a 
theoretical framework for providing relevance to science learning through the use of 
RITSSE is proposed.  A case study could provide evidence to support a relationship 
between science and sport truly as bi-directional in that, not only does science influence 
sport performance but sport can also improve science performance.  To accomplish this, a 
series of science lessons that address each science concept as it relates to a specific sport 
was designed and tested for the case study.  These theories provide the basis for the 
extension of student knowledge to reach a deeper understanding of science content and 
its applications.  In addition to the improved understanding of science content, increased 
student understanding and therefore achievement should develop a more positive attitude 
toward science learning.   
Incorporating relevance into lessons creates the potential for not only increasing 
science content learning but also the increase of positive attitudes about learning science.  
Ornstein (2006) investigated student attitudes in relation to the style of laboratory 
instruction, while Mack and Shaddox (2004) examined the relationships between student 
attitude in regard to physical activity and wellness after participation in a university 
mandated personal wellness course.  Both of these studies found either significant 
improvements between pre-assessment and post-assessment data sets or partial support of 
student positivity increases as levels of physical activity increased.  Their results showed 
variability in the attitudinal changes depending on the subgrouping investigated.   
Statement of Purpose 
 The purpose was to investigate the efficacy of a new teaching method that used 
RITSSE participation for developing relevance to enhance the learning of science and 
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changing attitudes toward learning science.  To test this possibility, the researcher 
conducted a case study of the efficacy of an experimental teaching method in which 
students actively participated in a RITSSE activity related to the science content being 
learned compared to the efficacy of typical teaching methodologies present in science 
classrooms.  This was intended to test the use of sport participation as the disequilibrium 
events from the theories of Piaget (1936), Conceptual Change Theory of Posner (1982), 
and Generative Learning Theory of Wittrock (1974).  As students encounter specifically 
designed disequilibrium events in the treatment lessons, it is anticipated that students will 
learn more content and develop better attitude about learning science.  The study 
population was drawn from a Midwestern suburban high school with a student body 
primarily of middle-class socioeconomic status with diverse cultural backgrounds.   
RITSSE teaching method using a sports lesson component with active kinesthetic 
activities beyond the typical confirmation laboratories and other typical methodologies.  
The kinesthetic activities are different from typical confirmation activities based upon the 
following definitions.  Kinesthetic learning is the active use of the majority muscular, 
skeletal, and nervous systems for the production of full-body action integrally linked with 
the topic to be learned.  Confirmation laboratory active participation is stationed in the 
classroom or laboratory and “confirms” information that the students received from the 
front-loading of a textbook or instructor.  For example, students might be found moving 
from one station to another where they then remain seated to follow a recipe to mix 
chemicals or make observations of a model organism or track projectile motion devices.  
The reasons for using body-on learning that goes beyond the common definitions of 
hands-on learning is to promote additional brain activity during a lesson through 
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kinesthetic movements by (1) activating more neural pathways (2) increased blood flow 
to body and brain, which may lead to such health benefits as memory improvement and 
stress reduction. 
Research Questions and Hypotheses 
The independent variable was defined as the teaching methodology (A) Typical; 
and (B) RITSSE; and the dependent variables were defined as (1) the change in science 
content understanding as measured by the comparison of pre-assessments and post-
assessments; and (2) the change in attitudes toward science learning as measured by the 
comparison of pre-survey and post-survey descriptions.   
Typical teaching methodologies usually consist of the front-loading of 
information before activities in any laboratory setting.  This front-loading often takes the 
form of direct instruction that is a teacher-centered lecture or guided discussions.  If an 
activity is used to begin a lesson it is only used as part of a short warm-up to the lesson 
and not the majority of the lesson’s time or focus.  At the secondary level, less focus on 
full inquiry is provided to students as the mandated curriculum is generally felt by many 
teachers often indicate that there is not enough instructional time to focus on inquiry.  
With that perception, the instructor’s decision most generally is to be most efficient with 
their students’ time and energy by utilizing typical confirmation methodologies for the 
majority of the term. 
The first research question is “Does participation in RITSSE activities have an 
effect on the learning of science for high school anatomy and physiology students 
compared to typical science lessons without kinesthetic activities as measured by the 
change in scores between pre-lesson and post-lesson science content assessment 
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quizzes?”  The first hypothesis centered on the proposed changes in student 
understanding of science content.  Which predicted that students participating in RITSSE 
learning activities will enhance student understanding of science concepts compared to 
typical classroom lessons without the use of RITSSE participation.       
The second research question is “Does active kinesthetic participation in RITSSE 
activities have an effect on attitudes toward learning science as measured by changes to 
themes between pre-unit and post-unit attitude surveys toward learning science?”   A 
second hypothesis projected changes in student attitudes toward science.  This predicts 
that students participating in RITSSE learning activities will improve their attitudes 
toward the learning of science concepts compared to typical and more passive classroom 
lessons without the use of RITSSE participation.   
Theoretical Framework 
 Jean Piaget’s work on the Theory of Cognitive Development (McLeod, 2018) 
served as one layer of multiple theories that formed the foundation examining the effects 
of utilizing RITSSE to support student achievement in science.  Using disequilibrium 
strategies as proposed by Piaget, this provides educators with the basis for using 
discrepant stimuli to beneficially serve students with the opportunity for enhanced 
learning (McLeod, 2018).  As a student is entangled with such stimuli they must adapt 
the schema from which they were previously operating.  Then they choose between 
assimilation of the novel stimulus into their existing schema or adapting that original 
schema into a new framework that accommodates the novel concept.  It is within this 
choice that a misconception is either created or avoided (McLeod, 2018).  In the instances 
where students make the correct adaptive choice, misconceptions are avoided until they 
 
PARTICIPATION IN SPORT FOR ENHANCED SCIENCE INSTRUCTION  8 
 
encounter the next discrepancy.  Errors in judgements can take two forms: either the 
student chooses to adapt knowledge that can be assimilated in existing schema or they 
attempt to assimilate knowledge into a schema that is inaccessible to receive such 
knowledge.  An error in the former seems to occur more often in students who have 
divided their schema of real-world experiences apart from their schema for the science 
classroom.  Through close examination of students’ conversations and explanation of 
phenomena, teachers can observe the moments where students will code-switch from one 
schema to another.  This code-switching could be perceived as analogous to what 
Victoria Costa (1995) described with cultural backgrounds of students in classrooms that 
did not belong to the “classroom majority”.  Many of the perceptions, values and beliefs 
present additional barriers to learning that are more difficult to overcome than discrepant 
events alone.  This results in the perceptions of students that science is something 
separate from their real-world lives.  The code-switching referenced here relates to 
answering science-related questions in an isolated rehearsal of responses to laboratory 
and lecture phenomena that are found only within the science classroom or laboratory 
and are not applicable outside of the school building nor are not relevant to students’ 
lives.  
The student will pass through Piaget’s requisite disequilibrium event along the 
pathway toward creating an understanding of a novel stimulus.  Students’ recognition of 
the conceptual discrepancies occurs according to Posner’s conceptual change theory 
(1982).  Once teachers help their students recognize that their previous schema may be 
flawed it is then the teachers’ next task to provide the students' opportunity to gather 
evidence that support the more accepted explanation of the concept and fails to support 
 
PARTICIPATION IN SPORT FOR ENHANCED SCIENCE INSTRUCTION  9 
 
the previous schema.  This is the step at which some students seem to invent a dichotomy 
that allows them to create an alternate perception that is separate and apart from the real 
world in order to preserve their faulty schema.  It is important to explore whether or not a 
participation in RITSSE would help students avoid the invention of this dichotomy.  
Students participated in active full-body learning experiences as the grounding 
foundation in the real world experiences through sporting activities for science lessons. 
The last layer of the theoretical framework comes from Wittrock’s Generative 
Learning Theory (1974).  Once students realize that an alternative schematic organization 
poses a better match to an accepted schema, they can begin restructuring their previous 
schema to better fit the novel stimulus that caused the discrepant event.  Teachers guide 
student schematic construction in which their mental models ideally match the accepted 
scientific blueprint schema.  It is at the individual level that the students must construct 
their own new schematic for the novel information to connect and anchor the facets of 
previous knowledge.  The choices of proper anchor points from which to build a neural 
knowledge scaffold are facilitated by a teacher’s guidance and feedback.   
Through social learning, as described by Vygotsky (1978), student collaborations 
within the lessons further relevant uses of Piaget’s schema in the psychological aspects of 
this theoretical framework.  This study, though, was not focused on these interactions 
where teacher facilitation of student learning/understanding was normalized between 
study groups.   
Meaning and significance 
 To bring meaning and significance for their students, educators should reflect on 
the pedagogies used within their lessons.  Also, in any class that students conduct 
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metacognitive reflections on their own learning, such meaning and significance can have 
a powerful impact on their learning and attitudes.  Dale (1969) promoted what has 
become graphically represented in Figure 1 as his Cone of Learning Experience.  In the 
adaptation of the graphic to the related regions of the brain, the majority of stimuli in the 
typical classroom environment are perceived from multiple neural sources - visual, 
auditory and tactile, with tactile being primarily from the hands.   
Figure 1   
Cone of Experience (Wikipedia, 2015).   
 
 
Note. Dale’s Cone relates the proportion of effective learning memory and the lesson 
design verbiage for developing student learning objectives. 
Jutras and Buffalo (2010) suggested that an increase in memory formation is 
correlated with synchronicity with brain lobe activity (within the medial temporal lobes 
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of the brain).  Based on Jutras and Buffalo’s findings, memory formation could also 
increase with synchronous neural activity for other areas of the brain, specifically the 
primary motor cortex of the precentral gyrus - the region of the brain responsible for 
bodily movements.  It is proposed that activation of the primary motor cortex through 
RITSSE participation, while also within the same lesson that students received typical 
neural stimuli from auditory and visual inputs, will improve memory formation and recall 
to a greater extent than typical stimuli alone.  Jutras and Buffalo’s proposal also added to 
our knowledge of the effect of synchronous neural activation for the whole body and 
improved learning opportunities.  By using RITSSE as a means to bring real-world 
relevance for students to increase their motivation for learning it is proposed that student 
learning will also increase. 
Relevance and Application 
 The use of front-loaded, kinesthetic activities in science lessons has the potential 
to bring immediate relevance for students.  This relevance then adds improved 
motivations and attitudes toward learning of the lesson, which eventually leads to greater 
gains in understanding.  After the front-loading of content, the next phase of the typical 
lesson then focuses on the verification of this content through specific laboratory or 
guided inquiry investigations.  The typical lesson concludes with the rehearsal of the 
lesson target information via homework that may provide a small degree of relevance to 
the world outside the science classroom/laboratory.  Neuroscience suggests that educators 
in science focus on three primary areas of brain activity within the student’s neural 
pathways during typical science classroom lessons.  These areas are the occipital lobe for 
visual stimulus, the temporal lobe for auditory stimulus and a small area of the parietal 
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lobe for hands-on stimulus.  The use of RITSSE participation for full-body activity 
should show expanded activity in the parietal lobe from the motor and sensory functions 
for the hands and entire body.  Although using electroencephalograms (EEGs) are not 
employed here, a follow-up study could be interesting if the research question was to map 
the brain regions used during teaching/learning strategies suggested here.  The critical 
question to be addressed is, is a lesson model integrating sports serves as a better 
foundation than the typical anchor points from which to offer the scaffolding of new 
schematics for knowledge compared to the typical neural anchor points alone.   
 It was proposed that investigating student attitudes toward science learning would 
also improve.  Berg (2005) conducted a study wherein student attitudes about chemistry 
lessons were compared to the motivational influences of the student’s behaviors during 
the term.  Berg’s results associated increases in student positivity toward chemistry 
learning to evidence of motivated behavior.   These results suggested that if students have 
a positive attitude toward the learning processes in science classes, then they will be 
motivated to work harder in those classes.    
 Learning science content and being versed in critical science-based thinking skills 
has become of extreme importance for all citizens, not only current high school students.  
Evidence of this has recently become profound as we live in an increasing technology 
and science-laden world in which many careers now require a knowledge of science.  For 
example, a willingness to engage science concepts has become paramount as the world 
attempts to obtain a greater understanding of the Covid-19 pandemic and adopts a greater 
willingness to follow science-based guidelines.  Improving the techniques of the teaching 
of science results in a better-educated citizenry. 
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Hands-On versus Body-On Learning 
 The mindset in which student learning is equated with the activity of neural 
pathways sets the stage and proposes to incorporate body-on activity instead of hands-on 
as the major component of the RITSSE intervention.  The more a particular pathway is 
active the stronger the connections and more likely information storage and its recall will 
be accessible for the student.  The more diverse the neural connections a single 
informational byte of content utilizes the more likely a student will be able to correctly 
store, associate, access and recall that informational byte.  If a single neural pathway is 
expanded with a greater diversity of associated neurons it is analogous to the way a single 
food chain is expanded into an interconnected food web.  This provides the architectural 
plan for expansion of student learning beyond the areas of the brain used in a typical 
classroom.  This mindset provided the rationale for the use of a whole-body activity to 
improve students’ mindfulness of the stimuli received by their bodies.  Also, students’ 
aware of their bodies position in relation to other participants and within the field of play 
itself, sometimes also referred to as “court presence”, is thought to improve their 
proprioceptive data interpretations.  Proprioception is defined as a sense of self-
movement by the OxfordDictionaries.com. This sense is neuro-receptors that provide 
stimuli from the musculoskeletal system that the brain interprets as awareness of the 
position or movement of the body (2016).  A proponent of hands-on learning theory 
Young (2002) referenced the acquisition of understanding through direct practical 
experience of a concept or phenomenon.  If the chances of students improving their 
learning from a novel stimulus are related to the greater number of active neural areas, 
then it stands to reason that the more areas of the brain involved in the processing of that 
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stimulation, the greater the opportunities students should have for the development of 
correct schematic relationships.  Therefore, the use of students’ entire bodies and the 
increased neural activity from related whole-body proprioceptive stimuli received during 
RITSSE participation should enrich the interconnectedness of the neural pathways.  The 
students’ utilization of this neural web will allow for the creation of memories and their 
recall, in essence, learning.  The students then gained these proprioceptive stimuli from 
the RITSSE activity.  The gains were then analyzed in concert with the simultaneous 
analysis of science concept/phenomenon for novel stimuli.  Students finally adapted these 
into their neural schematics interweaving both sporting and science schema.  The 
additional stimuli of a proprioceptive source resulted in more regions of the brain being 
active as compared to the typical lessons of visual and auditory regions only. 
The integration of RITSSE activities into science lessons should bring a 
component of kinesiology to the high school science curriculum.  Human kinesiology is 
the study of the movement mechanics of the body.  The popular vernacular uses the 
phrase, “muscle memory” to describe the rehearsal of repetitive motions to train the 
interactions between the nervous system and the musculoskeletal system.  However, it is 
through proprioception that the brain interprets and ultimately yields the learning of those 
rehearsed musculoskeletal/neural patterns (Watson et al., 2010).  Goble et al., (2010) 
reported that the length of proprioceptive analysis is a direct corollary to memory-based 
replication of elbow movement target angles.  Students’ awareness of limb movements, 
position and angles in relation to their other body parts or surroundings could be 
perceived as unconscious instinct (muscle memory) according to Goble et.al.  If students 
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are mindful of the proprioceptive stimuli received, they will exhibit greater learning of 
skills as opposed to the unconscious muscle memory philosophy of skill development. 
Summary 
 A novel method for teaching using student participation in RITSSE is proposed to 
have greater efficacy for learning science concepts and to be more relevant to students 
than typical teaching methodologies.  In the second chapter, a review of the literature is 
presented. This review provided background information and developed the theoretical 
framework used to describe the learning process and the previous instruments developed 
by other studies that informed the development of instruments used.  Since no directly 
comparable studies were found in the publication, the literature review attempts to 
identify some of the potential indirect connections the results have with the current 
literature to fill the void while also not remaining isolated.  
 
PARTICIPATION IN SPORT FOR ENHANCED SCIENCE INSTRUCTION  16 
 
CHAPTER TWO: LITERATURE REVIEW 
The purpose was to investigate the efficacy of a new teaching method that used 
RITSSE participation as a medium for learning science and changing attitudes toward 
learning science.  Since multiple learning theories and kinesthetic researches are 
potentially interacting here, an attempt was made to tease out the interplay between the 
learning theory, experiential laboratory teaching techniques and the relevant application 
of sports that would provide a unique perspective that is not reflected in the present 
literature.   Predominate connections between learning and sports is through subgroup 
analysis of athletes versus non-athletes for given variables in a variety of studies present 
in the literature.  While many research studies have investigated sports influence on 
academics in respects to measures such as GPA or end of course scores, there have been 
few studies in which the participation in sport itself is integrated into the classroom 
lessons with the expressed purpose of improving understanding of the science content 
being taught.  The literature provides the foundation for such a research study starting 
with the major topic related to the motivation of learning and content relevance.  In 
addition, the following topics will be explored: the theoretical framework applicable to 
the research, learning processes and content relevance, the instrumentation that has 
helped to develop this research study, and finally, a literature review discussing the 
metacognitive reflections that occur in both highly effective classrooms and sports 
programs. 
Relevance and Motivation 
 It is a rarity within the literature to find academic research related to the use of the 
full-body in the kinesthetic participation of sporting activities to enhance learning an 
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academic topic such as science.  There are multitudes of articles in which two 
populations are compared based on their physical activity level and its effect on academic 
performance.  Yet, integrating athletic participation as the mechanism responsible for any 
differences has received almost no attention.  One article of note (Rukavina, 2009) is a 
case study wherein a physical education teacher strived to improve her students’ 
understanding of motor-learning as it relates to the rehearsal of kinesthetic skills (i.e. 
dribbling a basketball). 
The National Association for Sport and Physical Education suggests that part of 
becoming a physically educated person is being able to use cognitive information 
to enhance the learning and performance of motor skills … In elementary school 
physical education, students can use ‘learning to learn’ knowledge to apply their 
fundamental skills more effectively and then later, in middle and high school, to 
apply more complex concepts to design effective practice and help them self-
regulate their learning of context-specific motor skills.  (Rukavina, 2009, p.23) 
Rukavina’s cognitive information is often the metacognition related to the classroom 
learning environment, but can also refer to content knowledge gained from previous 
lessons.  The use of cognitive information has increased by professional sports 
organizations to improve the performance of the physical activity.  There are a plethora 
of sources (not all are academic research articles from peer-reviewed publication) that 
promote the use of multiple fields of science and mathematics as analysis tools designed 
for the expressed purpose of improving an athlete’s performance levels.  The reverse 
relationship placing sport as the RITSSE intervention that will cause peak science 
learning is under investigation. 
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Historical correlation between science and sport 
 In 1955 Huizinga argued that humans competed in the playing of games in the 
same way that other animals compete in courtship rituals.  From his standpoint, sports 
take on a prospect of Darwinian sexual natural selection.  The characteristics that provide 
the edge for the winning individual are perceived by competitors and audience alike as 
favorable.  Those characteristics may or may not also provide aid in terms of species 
survival but certainly hierarchical status within the culture of the competition.  In 1915, 
Fisher formulated the mathematical benefits from the positive feedback loop supposing 
that traits of the competitor (male) and preferences in the spectator (female) may become 
heretically linked.  DeBlock and Dewitte (2009, p.5) argued against Fisher’s idea 
suggesting that “good athletes tend to have qualities that probably enhanced the chances 
of survival, and not only the relative probability of reproduction”.  Depending on the 
sport being examined, the qualities to be considered could be speed, strength, agility, 
endurance or intelligence.   
 The majority of previous academic studies integrating sport and science are 
similar to the perspective of using scientific measures to improve sporting performances.  
An example of such a study is presented by Stevens-Smith and Cadorette (2012), wherein 
the athletes self-identified their preferred learning styles and then their coaching staff 
provided individualized instruction using their preferred style and examined the impact 
on sports performance.  In fact, there is an entire movement in professional sports for 
such beliefs.  However, a few studies such as Sziraki’s (2011) study of varsity sport 
participation and academic achievement takes a look at the influence extracurricular sport 
has on academic performance.  Sziraki investigated the relationships between GPA, 
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scores on mathematics and English sections of the California Standards Tests of 11th 
graders, and the number of seasons of extracurricular sports played.  He found a positive 
relationship between GPA and mathematics scores but no such relationship with English 
scores.  This study goes beyond the relationships demonstrated by Sziraki by weaving 
sport as the independent variable into the implementation of science instructional lessons 
to determine the effect it might have upon the dependent variable of science 
understanding.   
Kinesthetic intelligence  
For the majority of the history of education, intelligence has been viewed as a 
singularity.  Howard Gardner in his book Frames of Mind (1983) began splintering this 
idea.  He proposed eight different domains as operating autonomously under their own 
core set of characteristics that support specific activities within each domain.  His 
Multiple Intelligence (MI) domains behave as neural modules that are computationally 
independent in the processing of context stimuli specific for the mechanisms of each 
intelligence.  However, Gardner has no evidence to support his claims from any field of 
neurology, morphology, anatomy or physiology. 
 Morgan (1992) interpreted Gardner’s intelligence to be cognitive styles as they 
tend to have positive correlations with intelligence quotients.  This interpretation would 
not differentiate between several bits of intelligence at the conceptual level.  Morgan 
observed that the attributes assigned as unique to one intelligence exhibited a contributing 
influence toward another intelligence.  Despite Gardner’s arguments of exceptional 
populations of geniuses, prodigies and savants exemplifying the modelling of MI 
specificity of high ability within a particular intelligence, researchers such as Ericcson 
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and Charness (1994) suggested that the gains in ability level for specific skills are better 
attributed to the deliberate use of extensive rehearsals.  According to Ericcson and 
Charness, from repetitive practicing, the gain in skills is the causation of the high ability 
levels in a particular intelligence.  In 1977 Husserl observed that MI exhibits a dipole 
nature between the actions of intelligence and the objects those actions are imparted 
upon.  That is, mental activities prescribe an action to be enacted upon an object and the 
dipole nature of MI will often use the actions from one particular intelligence for an 
action to be conveyed on an object belonging to a separate intelligence.  Klein (1998) 
critically argued against the foundations of MI as being the product of self-defining 
circular logic.  Using Gardner’s summarized explanations, Klein writes that “bodily-
kinesthetic intelligence”  is defined as “the ability to use one’s body in highly 
differentiated and skilled ways, for expressive as well as goal-directed purposes…[and] 
and to work skillfully with objects” (Gardner, 1993, p. 206), or for brevity here “the 
ability to use one’s body.” But Gardner uses bodily-kinesthetic intelligence to explain the 
ability in domains of physical activity that “use one’s body.”  This reduces to: “the ability 
to use one’s body” explains “the ability to use one’s body” (1993, p. 103). 
Background Theoretical Framework 
The work of several theoreticians is incorporated to develop the basis for the 
theoretical framework for the investigation of the interactive relationship between 
physicality and academic achievement.  Vygotsky’s social constructivist theory suggested 
in his zone of proximal development and Bandura’s social learning theories that all have 
implications toward the changing of attitudes.  However, these theories are not relevant 
since Vygotsky’s social interactions between class members and Bandura’s behaviorism 
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are not of interest.  Both would be interesting follow-up topics for application of another 
related study.  Piaget’s, Posner’s, and Wittrock’s perspectives on learning theory were  
laid upon one another to establish the foundations for the design of all the instructional 
methodologies used to determine if physical action and its understanding affect academic 
performance.  A summary of how these interact and the implications for misconceptions 
and neurological processes are provided by Granger (1994, 1995) in the following 
framework discussion. 
In a succinct review of Vygotsky’s social constructivist theory, Kaufman (2004, 
p.304) states that “children’s thinking and meaning-making is socially constructed and 
emerges out of their social interactions with their environment.  Children’s learning is 
facilitated by parents, peers, teachers, and others around them in the community”.  It is 
the totality of these social sources of background knowledge and understanding that 
contributes to the student’s preconceptions with which they begin their school lessons.  
Not only does this cognitive structure represent their prior knowledge, but also their 
attitudes and openness to accepting new ideas and perhaps more importantly, their 
willingness to even begin the investigation of discrepant events when novel stimuli 
present disequilibrium events.  Kaufman (2004, p.305) states, “The constructive 
experience from both Piagetian and Vygotskian perspectives create opportunities for 
learners to engage in hands-on, minds-on manipulation of raw data in quest of identifying 
new and increasingly complex patterns, acquisition of novel concepts and construction of 
new understandings”. 
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Piaget – Disequilibria  
All of us from time to time come across some phenomena that surprise us by not 
aligning with our understanding of how the universe works or matching our predictions 
or expectations.  Piaget (1952) called these moments “disequilibrium.”  Disequilibria 
should be exciting moments in the classroom because these are the opportunities for 
significant growth.  Whether a disequilibrium moment presents itself at the beginning of 
a lesson or during the summative assessment, once identified, students and teachers 
should celebrate the moment as a chance to create a deeper and more accurate 
understanding of the universe by presenting something that did not fit within our 
currently held cognitive structure.   Harlow (2006, p.41) provided “a rationale for the use 
of Popper’s paradigm of ‘Three Worlds’ and how his criterion for open and closed 
theories serves as a framework for Piaget’s constructivist theory”.  Though Piaget did 
much of the development of the idea of disequilibria using very young children, his 
model holds for learners of any age.  As learners interact with the environment they 
receive stimuli.  Sometimes these stimuli match their existing understanding, while at 
other times the stimuli do not fit their existing mental models or schema.  Harlow (2006, 
p.45) continues where and when this occurs “the child experiences cognitive 
disequilibrium and is motivated to mentally accommodate the new experience. … This is 
how the construction of knowledge takes place”.  If the classroom environment promotes 
the exchange of ideas through social learning many times this can encourage all students 
involved in the discourse to increase their motivations for learning even if they are not 
the ones to directly encounter the discrepant event. 
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Posner - Conceptual Change Theory 
Continuing from Piaget’s identification of stimuli causing disequilibrium, novel 
stimuli should indicate to both teacher and student an application of Posner’s Conceptual 
Change Theory in order to make sense of this new information.  In order to accept a new 
explanation of stimuli that was the product of a misconception provided by their previous 
mental models, the student must be provided with enough evidence to convince them that 
their previous understanding had flaws and needs restructuring.  Once convinced that 
there is an alternative explanation that better fits the data, then the reorganization of 
concepts is more readily accepted by the student.  Piaget referred to this process as 
“equilibration”.  Ideally, students should be allowed the opportunities for inquiry-based 
exploration to find the accepted orientations and how they mesh together.  Given 
classroom and curricular time constraints, reorganization of lessons tends to take on a 
more guided approach.  Posner et. al. (1982, p.212) state “our central commitment in this 
study is that learning is a rational activity”.  Posner and Hertzog dismiss the social 
aspects of students’ preconceptions brought with them even before they encounter 
Piaget’s novel stimulus from which the disequilibrium originates.  It is the social nature 
that students bring from areas such as their own personal interactions with the universe, 
attitudes toward learning from their family upbringing and cultural past through unknown 
generations, confidence and motivations modelled from peer interactions.  These are the 
keys to whether or not students will be willing to rectify imbalances in understanding and 
pursue the reorganization of knowledge leading to learning. 
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Wittrock - Generative Learning Theory 
Building from Posner’s investigations of alternate explanations for Piaget’s 
disequilibrium events, Wittrock uses Posner’s abundance of evidence for the learner to 
scaffold the cognitive information bytes into more acceptable neural architectural forms.  
Such reorganization and rebuilding of the cognitive structure formed from the previous 
schema’s inter-connectivity that the Generative Learning Theory adds to the support of 
the proposed RITSSE intervention.  Here students often have correct understandings of 
individual units of knowledge, but the misconception comes from, the lack of appropriate 
orientation and integration of novel stimuli of these individual units into a whole.  To 
achieve the proper theoretical framework, thus a blending of both Wittrock and Posner in 
the usage of RITSSE participation as an instructional method to enhance science 
learning.  To develop this reorganization, students needed to rehearse the repositioned 
relationships found anchoring each individual knowledge unit to its new adjacent units to 
create the accepted correct whole.  In relation to learning economics, Wittrock (1992, 
p.861) reports “cooperative learning appeared to provide an excellent context for 
students’ discovery of one another’s misconceptions and for the generation of alternative 
relations that better synthesize experience within the concepts”.   
Granger - Naturalistic Education Theory 
 Though this study did not implement Granger’s Naturalistic Education Theory 
(NET) he proposed in four publications from 1994 to 1995, it provides a unification of 
the aforementioned educational theory.  The NET is a learning theory grounded in the 
electrochemical mechanisms of the brain that promotes the constructivist model of 
learning for students.  As the curriculum writers of the last half-century worked on multi-
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million dollar projects to improve science literacy, Granger (1994, p.1) criticizes their 
efforts essentially as the old adage that defines insanity - trying the same things again and 
again expecting different results.  “Let’s develop one more curriculum.  Maybe we could 
put together a national list of concepts to be learned.  Let’s add more body parts to the 
pedagogy--hands-on, heads-on, heart-on, and feet-on experiences are the ticket”.  The 
implications of Granger’s criticisms for curricula writers would on the surface predict 
that the use of “body-on learning” may be fruitless.  The difference between what this 
study has attempted and just another body part on teaching model is that here the use of 
RITSSE is made an integral part of the acquisition and storage of science content related 
to sport.  It is the association of the neurons involved in the kinesthetic bodily movement 
during the lessons that also are activating the same neurons in conjunction with sight and 
hearing of a traditional lesson.  This close association suggests a conduit for the recovery 
of the science content.  In Granger’s (1994, p.1) model informational byte “learning can 
be facilitated by providing stimuli that enhance the effectiveness of the input mechanisms 
and that are congruent with the recording, filing, retrieval and processing mechanisms of 
the brain.”.  The integration of sport into the RITSSE lessons hoped to provide stimuli 
that will enhance that effectiveness.  Granger (1995, p.2) later stated that “it is generally 
agreed, if not always practiced, that every possible input stimulus should be utilized for 
the instruction of every concept or informational byte and that this should be made as 
individualistic as possible”.  Though Granger’s NET proposes the integration of all 
subjects based upon when they arise in the experience of the student to build a complete 
cognitive structure, this study will focus on a subset, only integrating the major fields in 
the subject of science. 
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Misconceptions in science 
In a study attempting to determine the degree of understanding exhibited by 
elementary teachers of their students’ misconceptions in science, Gomez-swipe (2008, 
p.437) found that “even though most of the teachers are aware of the misconceptions, 
they do not understand how they develop or fully appreciate their impact on their 
instruction”.  In a related study, Burgoon (2010, p.101) wanted to compare the 
misconceptions commonly held by students from the physical sciences to the conceptions 
of more than 100 elementary science teachers.  He found that “after three decades of 
misconception research, teachers still possess [mis]conceptions similar to those held by 
students”.  What these studies present are flaws in not only teaching lesson design that 
teachers use with their students from a content perspective but also in the training of 
teachers in pedagogical skills/knowledge.  If teachers do not understand the process of 
neural connection formation from theorists like Wittrock that lead to memory 
development or recall of those memories, then ultimately students will miss out on 
opportunities to understand how curricular design and presentation are fundamental to the 
learning process.  Also, teachers will be missing an entirely new dimension available to 
help their students.  Teachers also lack an understanding how learning theories such as 
Posner’s can be used to accommodate the correction of misconceptions and reintegration 
of novel understandings with prior and an understanding of Wittrock’s explanation 
regarding the realignment of student understanding by the scaffolding of knowledge into 
the culturally accepted content orientation.  Granger incorporates both of these ideas. 
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Neurologic Usage and Memory 
 The rewiring that occurs as students learn is different from the rewiring that 
occurs in studies of neuroplasticity, most of which revolve around patients that have 
suffered from a brain injury.  The participants rewired healthy brains free from injury 
with a competitive neural pathway as opposed to a person with brain injury rewiring an 
alternate pathway for one that has been damaged.  Over time the previous pathways of 
understanding should be less favored and begin to decay while the accepted 
understanding pathway recently learned receives more stimulus and be enhanced.  The 
differential in the amount of time needed for rewiring in a healthy brain learning novel 
information versus relearning connections around a misconception versus an injured 
brain repairing damaged neural structures is unclear.  Because the experimental RITSSE 
group activated additional areas of the brain with kinesthetic sports participation 
compared to the traditional lesson design of the control group, the additional activated 
neurons should have a greater opportunity for neuroplasticity changes to develop the 
accepted competitive neural pathway.  In short, through experiencing the RITSSE event, 
students’ ability to learn the science behind the sport was increased.   
Bruer (1998, p.9) addresses a dichotomy in brain science research results and their 
implications for the fields of neurology and education.  He advises caution for educators 
applying such research as “it is rare to find an article written by a neuroscientist in the 
education literature … Educators should be aware that cognitive science - the behavior 
science of the mind - is not the same as neuroscience - the biological science of the 
brain”.  He continues by addressing three misconceptions commonly found between 
neuroscience and education: (1) Enriching learning environments is a causative source of 
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synaptic multiplicity, (2) Increased synaptic frequencies and densities are directly 
correlated with greater intelligence, and (3) The stage of brain development where a 
plateau of highest brain synapse density coincides with maximum brain metabolism 
provides a window for optimal learning.   He cites studies with rhesus monkeys where 
one group received highly stimulated visual environments after artificially being 
delivered three weeks preterm, a second group was normally stimulated monkeys with 
normal birth, and a third group had their retinas removed in utero.  There was no 
difference in the rate of synapse formation from any of the altered birth conditions when 
compared to the normal group.  Bruer uses these results from a biological experiment of 
neuroscience to refute cognitive claims of the first misconception in his study.  Educators 
can use this set of results as a model for their students' neural potential, where all students 
regardless of previous interactions have the similar potential of neural plasticity and 
learning new memories. 
The second misconception is similarly debunked as he describes the evidence 
from brain development regarding  
synaptic numbers and densities follow an inverted-U - low, high, and low - over 
the lifespan.  However, our behavior, cognitive capabilities, and intelligence 
obviously do not follow an inverted-U pattern over our lifespan … early 
adulthood, the period of rapid synaptic loss, follows the high plateau period of 
synaptic densities from early childhood to puberty.  Young adults do not become 
less intelligent or less able to learn once they start to lose synapses.  Furthermore, 
learning complex subjects continues throughout life, with no apparent, 
appreciable change in synaptic numbers (Bruer, 1998, p. 11).  
 
PARTICIPATION IN SPORT FOR ENHANCED SCIENCE INSTRUCTION  29 
 
Bruer (1998) only mentions adolescence in reference to age ranges for humans regarding 
this misconception topic but he does not mention the cultural paradigm shift that is 
common in most educational institutions - specialization of learning.  To paraphrase 
Bruer, it is traditional of most secondary and post-secondary institutions for students to 
be given more choice into topics they wish to pursue in their education and how that may 
impact the pruning of neural pathways students are less passionate about preserving.   
Fast-forwarding into adulthood, many individuals have learned enough regarding their 
chosen career field to become experts, but if that field does not utilize an academic area 
of study from their earlier days as a child, they may have forgotten, for example, 
historical reasoning that lead to the Renaissance, patterns of the Periodic Table, or 
trigonometric relationships of SOH CAH TOA.  The old adage “Use it or lose it” may 
fall into play with this idea of neural trimming.  From a physiological perspective, neural 
pathways that receive more stimulation are evolutionarily more likely to be preserved.  
Those not being as frequently activated are more likely to be pruned.  Granger (1995, p.9) 
proposes that the loss of neural synapses can be described as natural senescence or 
atrophy of cognitive structures.  “The outermost bytes of the cognitive structure is liable 
to erosion to the highest degree since there are fewer interconnections or stabilizing 
factors associated with them.” According to Granger’s descriptions, if a novel 
informational byte can be supported by creating additional interconnections with 
previously learned content, then it will be more difficult to erode that byte of knowledge.  
However, there are great implications for misconceptions.  If misconceptions are 
improperly oriented or connected to other concepts, whatever connections may exist in 
the student’s mental models will be that much more difficult to correct.  
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Bruer concludes by using data of positron emission tomography (PET), a medical 
imaging technique for brain activity.   He finds that there are discrepancies in how 
researchers use such PET data between the studies of neurologists investigating brain 
metabolism and how educators relate those same results to promote optimal windows of 
learning time.  Educators tend to work in learning environments that tend to be highly 
diverse regarding stimulation sources rather than one focused on a particular area of the 
brain.  Activating multiple areas of the brain to promote learning interpretation by the 
neurologists’ PET data with this environment for neural stimulation in place is difficult.  
However, the PET data from the neurologists’ studies were not investigating learning at 
all but rather “measured resting brain metabolism - how much energy the brain used 
when it was doing as little as possible,” (Bruer, 1998, p. 16) essentially when the subjects 
were in a sensory deprivation environment.  Bruer’s results of the data sets are being 
misinterpreted by educators as learners are not being examined in a stimulating learning 
environment while the neurologists are purposely depriving their subjects of stimulation. 
Instrumentation to Determine Attitudes Regarding Science 
  Hillman et. al. (2016) designed an instrument that is easily scored and can be 
used across multiple grade levels while measuring several aspects of attitudes of students 
toward science across four major dimensions: (1) studying science content, (2) potential 
pursuit of careers in science, (3) inherent contributions by science to society, and (4) 
perceptions of scientists.  Hillman field tested this instrument with 549 children from 
both rural and suburban school systems, using a standard of 80% agreement between 
raters as their criterion for the acceptance of an item’s validity.  Raters were teachers, 
researchers, and graduate students.  Their team revised those items that did not meet the 
 
PARTICIPATION IN SPORT FOR ENHANCED SCIENCE INSTRUCTION  31 
 
80% criterion level.  To test the instrument’s reliability Cronbach’s alpha coefficient was 
used to analyze the internal consistencies from the results of the 549 students and the 
Cronbach ranged from 0.75 to 0.89.  Hillman determined that all scores were internally 
consistent except for the dimension of perceptions of scientists.  Perhaps this is due to 
efforts for increased cultural competencies in schools beyond the science classroom.  
Hillman’s instrument served as a template model from which to build a similar 
instrumentation.  Since the instrument was focused solely on physics, it served as an 
inspiration for the instruments that were created and refined during the pilot test leading 
to this case study.  Kaur and Zhao (2017) developed the PAS (Physical Attitude Scale) to 
measure students’ attitudes toward physics in five dimensions related to physics 
(enthusiasm, learning, process, teacher, and future vocation).  They designed their 
instrument for a narrower scope, specifically designed to study a single field of physics 
instead of also incorporating chemistry and biology.  However, by studying how they 
went about developing the PAS insights were provided into how to develop the 
instruments for the pilot study which evolved into the instruments used as part of this 
research after feedback from the pilot study participants’ results.  Summers and Abd-El-
Khalick (2018) provided similar guidance for the development and validation of what the 
pilot study helped refine into the surveys that were used in the pre-and post-analysis of 
attitudes.  
Sport and Metacognitive Reflections  
Little research has been done to investigate the impact of using sports as an 
instructional tool for learning science.  Much of the existing research on sport and 
learning examines differences between student-athletes and non-student athletes in areas 
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such as academic achievement, demographics, attendance, motivation or attitude.  Ryska 
(2004) found an equivocal body of empirical support for the hypothesized relationship 
between academic performance and sport participation that had been widely discussed 
without conclusive results.  In his study, Ryska hypothesized that athletes exhibiting 
strong senses of task-orientation would set higher educationally related goals and make 
greater use of academic learning strategies than their counterparts with more of an ego-
orientation.  Whereas  he states: “educational research has found that task-oriented 
students characteristically define personal competence in terms of self-referenced 
standards of performance such as task mastery, the fulfillment of personal potential, and 
skill improvement … Students adopting a largely ego-based motivations orientation 
construe their personal competence based on other-referenced standards such as 
outperforming classmates and demonstrating superior ability with minimal effort…  
Several theorists have contended that motivational goal orientations generalize across 
achievement contexts and remain relatively consistent whether demonstrated in school or 
sports” (Ryska, 2004, p. 102). 
There is support for his hypothesis in several studies by Nicholls through the late 1980s 
and early 1990’s.  Regarding the earlier mentioned attributes demonstrating equivocal 
relationships, equivocal results might reflect an unexamined factor wherein sport 
participation represents a precursory connection to the academic patterns instead of a 
product of said participation.  Related to Ryska’s categories of task orientation versus 
ego-based motivations, Gubbels and Vitiello analyzed how undergraduates participating 
in service-learning projects with K-12 schools influenced their science identities 
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(Gubbels and Vitiello, 2018).  They focused on belonging and community building rather 
than the attitudes of science learning and its use for healthy lifestyles. 
 A general trend of equating physical activity, as provided by sports, with general 
wellness and positive healthy lifestyles is exhibited by the majority of students involved 
in the pilot study discussed in the next chapter regarding methodology.  Beginning in 
1990, the American College of Sports Medicine (ACSM) advised the general population 
to develop a habit of daily exercise.  Over the subsequent years, greater leniency has been 
given for what is defined as physical activity, the recommended duration, frequency and 
intensity levels.  Bezner (1999, p.134) conducted a study of the perceptions of wellness in 
six categories among adult hospital employees in 1999.  She states that “based on the 
Paffenbarger Physical Activity Index Questionnaire (PAIQ) the high active group had 
greater perceived physical wellness scores than the sedentary group”.    
Summary 
Given the body of literature, the findings of this review indicate a void in the 
direct use of sport as a mechanism for the enhancement of science instruction.  It is the 
goal to explore the potential for correlation between sport and science.  The description 
of the relevant existing literature provides of how the results settle into that void by 
providing several anchor points to provide its interconnections with that existing 
literature.  The next chapter specifies the theoretical framework and design.  
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CHAPTER THREE: METHODOLOGY 
 Case study methodology was used to investigate the efficacy of a novel teaching 
method that used RITSSE as a method for learning science and changing attitudes toward 
learning science.  A review of the study purpose is provided, followed by a description of 
the case study research design including the research questions, instruments, research 
context and participants, a description of the data collection, and analysis, then 
concluding with limitations, and ethical considerations.   
Purpose 
The purpose of this case study was to investigate the efficacy of using RITSSE 
participation as a method for learning science and changing attitudes toward learning 
science.  In RITSSE lessons, students were engaged in physical sporting activities as a 
means to illustrate the relevancy of science concepts so to improve students’ science 
learning and attitude toward science.    
Research Design  
One of the paradigms most often used in case studies is organizing participants’ 
responses by demographics (Yin, 2012).  This study modified this paradigm to examine 
participants’ responses by shifting instructional treatments instead of demographics.  The 
two instructional methodologies, RITSSE and typical, served as a pair of cases.   Sixteen 
participants’ assessment scores and attitude survey results supplied the data sources from 
within the paired trials of the sport science unit that was composed of eight lessons.  
Before the activities, all participants first engaged in a pre-unit survey to determine 
attitudes toward learning science as well as a set of quizzes as a pre-assessment to science 
content knowledge for the lessons.  At the conclusion of each lesson, participants took a 
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quiz on content of that single lesson.  This post-lesson quiz was paired with the same set 
of questions posed on the pre-study assessment to determine science content knowledge 
changes.  The study concluded with a post-unit survey to determine attitude changes 
toward learning science.  Together, this set of quizzes collectively formed the cases and 
the participants represented repeated trials of each case.   
To paraphrase, Gall and Borg (2007), case studies are often used for qualitative 
research to provide in-depth analysis of a phenomenon in its real-life context.  Some case 
studies also include quantitative data blended with the qualitative description adding a 
degree of richness and depth to the numerical data.  A particular event of a phenomenon 
that the investigator is studying forms the case.  Cases are broken down into their unit of 
analysis and focus.  Units of analysis are studied across the entirety of a case(s) 
investigated.  The aspect(s) of a phenomenon that involves the majority of data collection 
and analysis forms the focus of the case study.  The in-depth analysis stems from 
gathering a robust depiction of the phenomenon with what is termed a thick description.  
Such a depiction of the phenomenon provides enough statements to recreate, with as 
much context as possible, a phenomenal event with its inherent meanings. 
Here, a case study methodology was used to compare how student learning of 
science content is affected by two instructional methodologies.  Quantitative scores of the 
pre-and post-assessments, in the form of pre- and post-lesson quizzes for eight lessons, 
and the descriptions extracted from the responses to open-ended questions from pre-and 
post-unit attitudinal surveys were analyzed.     
The first phenomenon under investigation was the difference in learning outcomes 
between the typical instructional methods and RITSSE instructional methods.  Teaching 
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methodologies of a typical classroom lesson would consist of front-loading content 
through lecture or discussions before any laboratory investigations or inquiry activities, 
while the RITSSE methodologies begin lessons with student participation in gathering 
experiential data later connected to content.  The unit of analysis is the group of students 
enrolled in an anatomy and physiology course at the cooperating school and volunteering 
for this study.  This unit of analysis was exposed to two instructional methodologies 
during the teaching of the curriculum’s sports science unit.  The control instructional 
teaching method was the use of typical teaching methods.  The experimental instructional 
method was the use of the RITSSE methodology in conjunction with the typical teaching 
methods.  The second phenomenon was description of the changes of attitudes toward 
learning science after exposure to the instructional methodologies. 
The foci of interest are the student changes in understanding science concepts and 
attitudes toward science as measured by the quizzes and a survey, respectively.  The first 
focus corresponds to the first research question regarding changes in student learning 
whether physical activities are incorporated into lesson methodologies or not.  The 
second focus is drawn from the second research question about changes in student 
attitude through exposure to the RITSSE instructional methods.  The case study analysis, 
merging data sources from the quantitative science content quiz scores and the qualitative 
explanations of patterns from the open-ended science quiz questions and science attitude 
survey closed and open-end responses, provided the thick description of the phenomenon 
which formed the case study results.   
 
PARTICIPATION IN SPORT FOR ENHANCED SCIENCE INSTRUCTION  37 
 
Research Questions 
The first research question was quantitative in nature addressing science content 
knowledge: “Does participation in RITSSE activities have an effect on the learning of 
science for high school anatomy and physiology students compared to typical science 
lessons without kinesthetic activities as measured by the change in scores between pre-
lesson and post-lesson science content assessment quizzes?”   
The independent variable was exposure to the RITSSE instructional method or the 
typical instruction method used for lessons.  The dependent variable was the change in 
the science content knowledge mean score between pre-lesson and post-lesson quizzes.  
Science content knowledge was determined through a combination of multiple choice 
questions and open ended questions.  The multiple choice questions changes in 
knowledge were straight forward in mean score calculations.  The open ended questions 
were assessed through a rubric to quantify the change in responses from the pre-lesson 
quiz to the post-lesson quiz.  It was hypothesized that a deeper understanding of science 
content knowledge that would be achieved after RITSSE lessons than after lessons not 
integrating RITSSE activities.  The design goal predicted that those quiz questions 
involved in the research’s RITSSE set would show deeper learning than those of the 
typical/control set of questions. 
 In addition to learning content, it is important to be cognizant of how students' 
motivational attitudes towards science change as they encounter the new teaching method 
over the course.  The second research question was qualitative in nature addressing 
science attitudes: “Does active kinesthetic participation in RITSSE activities have an 
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effect on attitudes toward learning science as measured by changes to themes between 
pre-unit and post-unit attitude surveys toward learning science?”   
The independent variable was exposure to both of the instructional methods used 
for lessons.  The dependent variable was the participant changes in science attitude 
survey responses from pre to post implementation of a science unit using a justification 
rubric after completion of the science unit.     
In regard to the second research question of students’ attitude impacted by the use 
of RITSSE within a science lesson, it was hypothesized that participating in RITSSE 
sport and science integrated activities would lead to greater positive attitudes toward 
science learning compared to participating in lessons not integrated through sport.  It was 
predicted that if students are given the opportunity to investigate the principles 
underlying their prior understanding of science concepts then a positive change in 
attitudes toward science learning would be the consequent result.     
Validity  
Many threats to internal validity can impact research case studies.  All 
participants received the same exposure to the treatments which should eliminate threats 
such as treatment diffusion due to participants’ social interactions or statistical regression.  
Social interactions were eliminated as much as possible by minimizing participant 
contact through person or electronic conversations and social media communications 
during the assessments for each sports science class period. Since all students within the 
bounded anatomy and physiology roster were invited to participate, statistical regression 
was minimized as the students chose to participate rather than being chosen by the 
researcher.  The use of a variety of science content topics and sports activities as apparent 
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filler-tasks helped to minimize participant maturation and their discovery of the study’s 
purpose through the assessment or survey questions.  The typical lesson methodology 
served as a control modelling the usual conditions of science education, while the 
RITSSE methodology modelled the treatment, but each group faced the same threat 
potential. 
Threats to internal validity provided through this study were minimized through 
the design, testing, and redesign of a pilot study conducted by an expert peer group.  A 
pilot study was implemented to minimize the threats due to mean regression, 
instrumentation, or testing influences from the pre-assessments and surveys to the post-
assessments and surveys.  Instrumentation threats were minimized through the needed 
revisions to the sports science unit’s survey and assessment questions as well as some 
activity or lesson designs revealed during the first round of the pilot study.  This pilot 
study determined the lesson design, sports activity relationship with prescribed science 
content topics, and the assessment questions.  Three peer teachers were trained as a group 
to establish consistency in the delivery of each science and sports topic.  The revised 
version of the sports science unit used in the final round of the pilot study yielded 
consistent results for all three peer teachers’ classes for the implementation of the 
activities and participant feedback during each lesson.  Triangulation of these facets by 
using the peer instructors’ lesson observations, pilot study participant interviews and 
assessment scores allowed for the crystallization reflecting the realism of the RITSSE and 
typical lesson effects on participant learning.  This careful division between the teaching 
methodologies minimized the threats to the operational definitions of variables and the 
procedures in which they were measured or manipulated during the study.  By faithfully 
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following the designs established in the pilot study and utilizing those previously 
validated lessons, threats to pretest-treatment interactions of the quantitative data set were 
minimized.  The final threat to the internal validity of attrition was minimized by 
incorporating the sports science unit into the curriculum as a graded portion of the 
semester final exams for the anatomy and physiology course for several years before this 
study’s official data collection.  Therefore, accounting for the multiple threats mentioned, 
the reliability of the assessment scores as a valid measurement of student learning is high. 
Weaknesses of this case stem from the limitations to generalizing from the 
bounded population of participants.  Only sixteen students from the course roster elected 
to participate in the research yielding a small sample population.  Also, the participant 
demographics as related to gender did not reflect the overall school population.  Of the 
sixteen participants, fourteen identified themselves as female and two as male, while the 
school population of over 2000 students is nearly 49% female, 49% male and 2% other 
that declined to answer. 
Threats to the external content validity of this study are low as the generalities 
found in the participants’ attitude changes were similar to the participants in the anatomy 
and physiology courses used in the pilot study reviewed by the expert panel.  Since the 
lessons developed within the pilot study were tailored for specific science content topics 
the specific use of RITSSE activities in other science courses may show diminished 
transferability across the entire curriculum of a course.  Some individual lessons from the 
sports science unit that match the specific content topics of other science coursework 
would have higher transference.  Examples of the football lessons related to physics of 
momentum, the chemistry of sports medicine treatments, and the evolution of bipedal 
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running mechanics in biology should all demonstrate high generalizability to their 
respective fields of science.  If the generalizability of the results of this case study were to 
be used in educational disciplines other than science, the extrapolation of a mirrored 
approach like that of Yessis (1992), where science was used to improve sports 
performance may better serve other investigations.   
External threats to any generalization of the qualitative or quantitative data such 
as aptitude treatments should initially address the bounded sample of the participants 
from this study as a sample that does not represent the overall school population, but only 
those that elected to enroll in the advanced coursework of the elective anatomy and 
physiology class.  The data collection for this case study was completed just weeks 
before the discovery of the novel coronavirus which has not affected the participants’ 
responses to either data set of the quantitative assessments or the qualitative surveys 
minimizing the history effects of adaptations to virtual learning or several months of 
quarantine. 
Also, as students were presented with the assent/consent forms for the cooperating 
school district and university, a threat of research reactivity may have been introduced.  
The threat potential for this, as well as a multiple treatment interference threat, was 
minimized by including all participants in the study under the same conditions as a single 
population exposed to both control and treatment exposures of the study.  Threats of the 
specificity of variables were minimized when each sports science lesson incorporated 
typical and RITSSE lesson activities specifically matched to assessment questions.  Each 
of these teaching methodologies was used (sometimes as non-assessed filler-tasks), 
during the normal setting as much as the school calendar and schedule allowed.  This 
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minimized testing threats and threats to specific times between the pre-
assessment/surveys and the post-assessment/surveys.  By isolating an individual lesson 
from others, each lesson was an independent unit of both sport and science content.  
These differences in teaching methodology minimized the threat of participants 
improving their performance regardless of treatments received but accounted for that 
natural learning curve and constructed lesson activities and assessments that would help 
delineate the teaching methodology that amplified learning.  The consistency in the 
delivery of each lesson helped to minimize threats of selection bias situational or testing 
effects.  Selection treatment interactions threats were minimized through careful 
development of the rubrics used for assessments of the quizzes and surveys during the 
pilot study. 
Classification of lessons was determined by the amount of time devoted to typical 
or RITSSE instruction.  If the total difference in time was fifteen minutes or less, quiz 
question majority was used as a tie-breaker between instructional methodologies.  For 
example, the lesson exploring the evolution of running mechanics had 50 minutes of 
instructional time based on the use of typical methods and the other 40 minutes was used 
based on RITSSE methods.  The 10 minutes’ difference in time was outweighed by the 
assessment assignments of the individual quiz questions.  Four of the questions were 
directly linked to kinesthetic portions of the lesson students experienced through RITSSE 
activities and the last question utilized a typical lesson strategy. 
During the lesson on momentum using football, all of the questions regarded 
changes in momentum.  Sixty minutes of instructional time used typical methods and the 
remaining 30 minutes used RITSSE.  Three of the five questions involved predictions of 
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the outcome of collisions (tackles) or physical attributes involved in aiding the player 
doing the tackling.  All collision-based content was taught via typical methodology 
laboratory activities and lecture/discussion.  The remaining two questions involved the 
attributes of a player avoiding the tackle where students kinesthetically experienced low 
speed (walking) avoidance of an inanimate object (hallway pillar).  For student safety, 
collision-based topics were not kinesthetically experienced by students. 
The lesson involving the hand-eye coordination of the nervous, muscular, and 
skeletal systems through baseball was assigned to the RITSSE category.  This was based 
on the majority (70 minutes) of the lesson time having been devoted to RITSSE teaching 
methods of exploration with kinesthetic activities related to simulated pitch 
identifications and making precise contact with the “ball”.  The remaining 20 minutes 
used typical lesson design of research (internet and experimental) of the average travel 
time of an average Major League baseball pitcher.  Three of the quiz questions were 
designated as typical and the other two as RITSSE.  The vast difference in time in this 
lesson outweighed the individual question assignments and lesson majority. 
The above scenarios between the cross country, football and baseball science 
lessons demonstrated the potential variations in category decisions when making lesson 
designations in the assignments of methodology for the first research question as either 
typical or RITSSE.  An analysis of the change in mean scores between the pre-lesson and 
post-lesson addressed the first research question.  Students’ prior understanding of 
specific science concepts as measured in the pre-lesson quiz established a baseline so that 
students’ gains in understanding after exposure to one of the two teaching methodologies 
could be compared to this pre-lesson quiz.  The reliability and validity of these science 
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lesson quiz questions were established using a pilot study to be discussed in a subsequent 
section. 
Instruments 
The two types of instruments used in this study were, first a set of pre-lesson and 
post-lesson quizzes to access learning and, second, a pair of pre-unit and post-unit 
surveys on attitudes toward science.   
Learning quizzes 
The pre-assessment for each lesson consisted of five multiple choice questions. 
Depending on the lesson content and instructional methodologies and activities the 
proportion of multiple choice and short answer questions varied.  All multiple-choice 
questions had at least four choices for students to choose from, and some questions had 
multiple correct answers.  One point was awarded for each correct answer on the 
multiple-choice questions.  Each quiz had at least one open-ended question to assess 
students’ deeper understanding of the concepts taught in each lesson.  The open-ended 
questions were scored using a five point rubric as developed by an expert panel.  As each 
quiz covered different science concepts, the rubric criteria varied from question to 
question.  Even though the content varied all of the open ended questions had a 
commonality in which multiple statements that collectively earn points toward being a 
complete answer for full credit.  Changes in the participant responses to the open ended 
questions were predicted to provide more total statements on the post-lesson quiz than on 
the pre-lesson quiz.  Though the specific statements for each question varied, the 
anchoring criteria on the rubric consisted of the combined statements that yielded more 
robust responses than single statements.  Quizzes used for each lesson’s post-assessment 
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consisted of the same multiple-choice and essay questions as the pre-assessment exam 
questions except for changes to past tense.     
Instead of determining whether or not a student has simply acquired the content 
knowledge administered with the two teaching methodologies, the researcher analyzed 
which teaching methodology was more effective at acquiring that content knowledge.  By 
dividing all of the individual quiz questions into groups based on the connections 
between each question’s content material and primary activity devoted toward that 
content, each question was assigned as either a RITSSE related quiz question or a typical 
related quiz question.  The activity methodology of the lesson design primarily devoted 
the major efforts of time and energies toward the criteria for such decisions for the 
primary activity determination.  Participant performances on each question could be 
examined for a difference between teaching methodologies. 
All participant learning was determined using data from each question which 
allowed for testing the first research question for significant changes between the mean 
scores of the questions individually associated with RITSSE lesson activities versus the 
typical activity-related questions.   Question associations were determined from the 
relationship between the science content that each question assessed and the methodology 
used to deliver that content’s instruction during the lesson.  Each lesson concluded with a 
5-question quiz and a simple majority was used to categorize overall lessons as either 
belonging to a typical or RITSSE group of question items connected to the control or 
experimental groups of the first research question.   
The rubric that was utilized for the set of pre- & post lesson quizzes was 
developed and vetted with a pilot study and expert panel.  Google Forms software was 
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used in the creation of rubrics for inter-rater reliability in assessment of those questions.  
After collaborative efforts the original pilot study with five lessons of the typical teaching 
methodologies and five of the RITSSE methodologies needed revisions based upon the 
expert panel of peer.  After analyzing the first round of the pilot study feedback, five 
revised typical lessons and five revised RITSSE lessons along with revisions to the 
surveys as well as both sets of assessments were used in the second round of the pilot 
study.  This second round resulted in improvements in inter-rater reliability scores for 
assessment and survey reliability and validity by all members of the expert panel.  The 
Cronbach’s alpha for the inter-rater reliabilities scores between the first and second 
rounds of the pilot study changed from 0.4 to 0.8.  Most of the multiple choice questions 
had a single correct answer, while others had multiple correct answers each of which 
when selected would increase the points earned for that single question.  The remaining 
questions were open-ended responses with more than one correct way to answer the 
question.  These questions were rewritten to provide participants with a more narrow 
focus for their response within the questions’ narrative allowing for specific answers 
along the desired line of thought regarding the question stem on both multiple choice and 
open-ended questions.  As each question was finalized during the pilot study, a point 
value range was established that corresponded to one point on the quiz question’s score to 
be awarded for the participant as each essential topic correctly explained in their answer.  
For the complete inter-rater reliability scores of percentage agreement and the 
corresponding interpretation of Cohen’s kappa of the percentage of reliability from the 
pilot study, see Tables A2 and A3 in the Appendices respectively. 
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Attitude surveys 
To determine what impact participation in the case study had on the attitudes of 
participants, several surveys were adapted for the assessment of attitudes toward science.  
Questions similar to those found on the University of Missouri - Saint Louis: SciJourn 
survey “Youth Engagement in Science and Technology Survey” were used for 
participants' attitudes toward science content.  Questions modeled after the Paffenbarger 
PAIQ were also included but these questions concerned attitudes toward health and were 
not analyzed for this study.   
Participant demographics and attitudes were measured through a 118-question-
survey completed by all sixteen participants at the beginning and again at the end of the 
study.  The initial eight questions were demographic and not repeated in the post-unit 
survey, resulting in a 110 question post-unit attitude survey identical to the pre-unit 
attitude survey aside from a change in tense.  Fifty-six of the questions on the attitude 
survey after the demographics section concerned health and technology topics.  These 
topics were removed from the analysis of this case study.  The remaining 54 questions 
concerned science topics and were divided into 6 subsections which are described and 
were analyzed later in Chapter 4.  Of the 54 questions, 43 questions asked respondents to 
select a scaled answer related to the frequency that participants engaged in a particular 
activity.  Thirty-one of such questions with scaled frequency answers had possible 
answers such as “not at all”, “once [during the last three months]”, “monthly”, “weekly”, 
or “daily”.  These 31 questions were analyzed by the changes in frequency as based on 
the answer time frames rather than quantifying the answers.  Twelve survey questions, 
were open-ended, designed as follow-up questions intended to elicit a justification for the 
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respondent’s scaled response.  These questions were analyzed using a justification rubric 
using content analysis where response patterns were categorized into common themes.  
This method was chosen because the expert panel of peer reviewers advised that 
quantification of the scale would not have the same explanatory strength as a qualitative 
descriptive analysis of the changes to the responses of the frequency justification and the 
open-ended questions.  The final 11 survey questions were open-ended questions that 
were independent topics that were not related to the topics of a previous survey questions 
as the questions designed to elicit a justification were paired to a previous question.  Once 
again, a content analysis was conducted using another justification rubric for the final 11 
survey items.  The overall mode for each question on the pre-unit and post-unit survey 
were reported using descriptive statistics.  Patterns in response topics were categorized to 
formulate the participant responses as a common theme. 
The attitude survey’s rubric was designed, tested, refined and confirmed by an 
expert panel of peer reviewers through the pilot study.  The consensus of the expert panel 
determined that participant language indicating increased frequencies of utilizing a 
particular resource or engaging in a science related activity reflected a positive increase 
in attitudes to learn science.  The rubric used three levels of attitude changes on any 
particular survey question of frequency which was based on the percentage change of the 
sample’s mode between the pre-unit survey and the post-unit survey.  These ranged from 
ratings as “no substantial change” where two or fewer participant responses changed or 
“moderate change” where three to four participant responses changed and “substantial 
change” in which five or more participants changed their responses.  Following the 
recommendations of the expert panel, the scaled questions and their rationales were 
 
PARTICIPATION IN SPORT FOR ENHANCED SCIENCE INSTRUCTION  49 
 
included as part of the qualitative analysis and the discussion of reliability and validity of 
the attitude survey due to their duality pairings as follow up questions for their 
justifications to the corresponding topic.  The reliability and validity of singular science 
attitude survey questions not associated with the duality pairings were also established 
using the results of a pilot study to be discussed in the subsequent section. 
Pilot study 
 Both of the assessments, the set of pre-lesson and post-lesson quizzes and the 
pre- and post-unit surveys, were developed in a pilot study to establish the reliability and 
validity of those assessments.  Three peer teachers of high school anatomy and 
physiology from the cooperating school district formed an expert panel.  Related to the 
lesson quizzes and science content, the peer teachers debated a large number of science 
concepts for applicability with RITSSE instructional methods.  The following criteria 
were applied to reduce the number of concepts.  First, concepts included were subject to 
misconception among large numbers of students.  Second, the misconception proved 
resistant to correction, even after exposure to typical curricular instructional units.  Third, 
the concepts were to be found as standard content in high school curricula of biology, 
chemistry and/or physics related to the standards present by the state and national 
standards.  Overlap between the three areas of science was preferred but not required.  
Fourth, instruction of the science content lent itself to compatibility with the RITSSE 
methodology, by demonstration of relevancy to a high school sport that students had 
opportunity to participate in or observe.  Once the science concepts were identified 
through these filters, lessons were designed using the typical methodology and finally 
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adapted for the RITSSE methodology.  The design of the RITSSE lessons was also tested 
and refined during the pilot study by the expert panel.   
This pilot study consisted of two rounds where the results were tested and then 
retested as a measure of stability while under the guidance and deliberations of the expert 
panel during the entire sport science unit. During the pilot study for inter-rater reliability, 
data analysis through a common rubric measured the agreement between each of the 
panel members to determine the best practices for assessing all questions of the pre- and 
post-lesson quiz sets as well as the pre- and post-unit attitude survey responses.  The 
results from the participants of the pilot study yielded a predictive criterion validity 
between the successive rounds of the pilot study.  The rubrics were used by the panel 
members as means for a common approach to reviewing the items on the science content 
measures of the individual pre- and post-lesson quizzes and the attitude measures of the 
pre- and post-unit surveys.  In addition to each of the teachers serving as panel members, 
the draft assessments and surveys were cross-referenced with athletic trainers, Physical 
Education instructors, corresponding coaches for high school sports, and science content 
experts in the specific fields of biology, chemistry and physics to strengthen the content 
validity of the assessment questions for the pre- and post- quizzes.  The attitudinal 
surveys were adapted from previously vetted instruments for attitudes toward science 
learning from Farrar’s (2012) and Paffenberger’s (1978) surveys for physical activity and 
healthy lifestyles. 
The pilot study was measured for equivalence with Farrar’s 2012 survey as a 
parallel form of assessment used in the SciJourn survey for the questions regarding 
attitudes toward learning.  Some questions not specifically related to science were 
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adapted to prompt participants for their attitudes to science in general or to a specific 
science concept.  Attitudes toward physical fitness as described by Paffenberger’s 1978 
survey in the PAIQ also were adapted to sports in general if not a specific sport to 
construct validity based on what was predicted by the PAIQ.  Many of the attitude survey 
questions aligned with the purposes of the pilot study without the need for adaptation. 
Table 1 presents the inter-rater reliability data from the original pilot study 
training and each implementation of the pilot study.  The reliability and validity of the 
designs of activities for both typical and RITSSE lesson methodologies and the 
corresponding assessment questions were vetted through the original pilot study during 
the spring of 2015.  The original pilot study revealed the need for some revisions for the 
assessments.  Those revisions to the pilot study when implemented in a second run of the 
pilot study in the fall of 2015 honed the activities and their assessments which yielded 
assessments with much stronger scores of reliability and validity.  It is this version of 




Pilot Study Inter-Rater Agreement 
 Expert Panel Agreement Data 
Rubric Measures N Variance Covariance Cronbach’s α 
Initial Training 3 34.3 4.5 0.3 
First Pre 3 37.0 4.0 0.3 
 
PARTICIPATION IN SPORT FOR ENHANCED SCIENCE INSTRUCTION  52 
 
First Post 3 30.3 8.8 0.6 
Retraining 3 13.0 6.5 0.7 
Second Pre 3 1.0 0.7 0.9 
Second Post 3 2.3 1.3 0.8 
 
Research Context 
All of the science content topics used here are found within the Next Generation 
Science Standards (NGSS) and hence are typical in science curricula.  The sports linked 
to these topics in the RITSSE lessons presented here are sanctioned high school activities.  
If the scientific principles of two sports are essentially the same, as with baseball and 
softball, only one was used.   
Four sports from each of the high school seasons – autumn, winter, and spring 
sports were considered.  Potential sports of study to pair with science concepts from the 
autumn were cross country, soccer, volleyball, and football.  The potential winter sports 
list were hockey, wrestling, swimming and basketball.  The potential spring sports season 
were track and field (focusing more on the field events), tennis, golf, and baseball in the 
spring.  The majority of sports have a balance of gender participation, with the notable 
exceptions being football and wrestling.  The sports used were vetted in the pilot study.   
The researcher was the sole teacher of the anatomy and physiology course in the 
school building.  Students attended this class every other day for approximately 90 
minutes’ period.  This length of time allowed for the students to not only participate in 
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the RITSSE related laboratory components of each lesson and when appropriate the 
surveys and assessments.   
Most of the equipment required for students to participate and learn during the 
lessons was found within the normal science classroom or laboratory.  In terms of the 
RITSSE laboratory activities, many pieces of equipment were those used within the 
average physical education classroom or facility.  By incorporating sports medicine each 
of the fields of science was used for this investigation.  
Participants 
The participants were juniors and senior students enrolled in anatomy and 
physiology courses at a local suburban high school.  All participants should have 
completed the majority of traditional secondary school (9th-11th grades) science courses 
and have earned their required credits in the three major fields of science - physics, 
chemistry and biology.  This use of integrated science perspectives for a single content 
topic was utilized to standardize the knowledge from prior exposure in traditional science 
courses.   
Students participated in the same activities whether parents consented or not and 
whether they provided their assent to participate in the study.  The difference was only 
whether quiz and survey results were used in this research study.  All students 
experienced the RITSSE teaching method, but the questions of each quiz varied in 
connections to the typical and experimental strategies.   
While it would have been ideal to include only seniors that had completed their 
last science course, juniors were included so that a larger number of participants could be 
recruited.  After offering participation opportunities to both juniors and seniors, 16 
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students volunteered to take part.  The total course population of 23 students had a much 
greater proportion of juniors than in previous years.  Eleven juniors and the remaining 12 
were seniors, with only two male students.   
Procedures 
 Students self-enrolled into the anatomy and physiology course, therefore no 
recruiting for the course was done.  After the students completed the registration process, 
the building administration supplied a pending roster of students that was finalized just 
before the school year began. An after-school informational meeting about the course 
was offered before the previous school year ended with as many of the students on the 
pending roster that were available.  The voluntary participation was preliminarily 
discussed and the difference in expectations for student class members versus research 
participant expectations was discussed.  Before the school term ended, those students 
unable to attend the meeting were sought out for a face-to-face introduction and to 
provide a brief explanation of the integration with the course.  The researcher requested 
that students consider their participation over the summer break and indicated that 
questions could be addressed in the fall. 
 After the school term began, an informational meeting was held approximately 
one month before the anticipated beginning.  This allowed the researcher to meet with the 
families of prospective participants and to answer any and all of the questions that 
students and their guardians might have.  Ample time to reflect on the research design 
was provided.  Both forms for assent and consent were available at this meeting and were 
given to students whose guardians were not in attendance. Once those forms were 
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collected and secured as part of the participant data files, the research study lessons began 
approximately one week later.   
Data Collection 
At the onset, participants took a pre-unit attitude survey about their attitudes 
toward science.  Within this survey, some basic demographic information were collected 
for subgroup analysis at the conclusion of data collection.  The survey addressed 
participants' attitudes on various science topics from which preconceptions were to 
emerge and their experiences in previous athletic endeavors.  These surveys were 
administered prior to any instruction as a qualitative measure of student attitude and 
understanding science at the onset of the research project.  This same survey was 
administered at the end of the unit, after approximately one month, to determine any 
change in attitudes.  The only differences between pre-and post-unit surveys were 
grammatical wordings of questions changing from the future tense during the pre-unit 
survey to the past tense for the post-unit survey and the elimination of the demographics 
section from the post-unit survey since that information was constant.  
All participants engaged in both instructional methods for a sports science unit of 
learning that consisted of eight independent lessons.  The first of the methodologies is 
more familiar to students as they are typically found in many classroom lessons where 
information is front-loaded before application - i.e. direct instruction of teacher-led 
lecture, -guided inquiry, and -directed laboratory instruction.  When students are 
passively learning through typical lesson methodologies a lack of relevancy often results 
in low levels of student engagement.  The novel RITSSE instructional method began with 
participation in an activity, potentially increasing relevancy.  That is, the RITSSE sports 
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methodology front-loads the relevance of the content and later fills in the science content 
within the context of the experiential sports activities.  The typical methodology front-
loads the content and later adds relevance.   
A generic lesson design template was designed for an “average” lesson 
experience.  The template consisted of a mental warm-up activity to start and then shifted 
to the main lesson activity, concluding with a summarization activity.  Each of these 
activities was implemented in a variety of forms depending upon the objectives for each 
lesson.  These implementations ranged from class discussions to lecture, or from self-
guided inquiry exploration to directed laboratory investigation; or from group projects to 
individual research.  Any particular component lasted anywhere from 15 minutes to 60 
minutes depending on the requirements of the lesson and student needs.  This average 
procedure was used for both typical and RITSSE lesson formats. 
The beginning activity was designed as a warm-up to stimulate students’ 
recollection of relative prior content previously learned or to introduce them to an 
unknown phenomenon to be investigated during that lesson.  Students did so through 
engagement in a class discussion led or prompted by the teacher as necessary based on 
previous exposure to the content.  These warm-up discussions were to provide essential 
instructions necessary to complete the learning goal established for the lesson which 
varied in technique based upon the assigned category for the lesson’s assessment 
questions as either typical or RITSSE.  Lessons that used kinesthetic activities during the 
warm-up discussion to provide relevance for a science concept through sport were 
categorized as RITSSE, while those that did not use kinesthetic relevancies were 
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categorized as typical.  Below in Table 2, is the sequence of lesson topics connecting 
sports with science concepts. 
 
Table 2 
Synopsis of Sports Corresponding with Proposed Science Misconception Topics 
Lesson Title Lesson Treatments Administered and Majority of Lesson 
Time (Typical or RITSSE) 
History of Medicine Injury Prevention = RITSSE 
History of Medicine Injury Treatment = Typical 
Cross Country Evolution and Kinesiology = RITSSE 
Football  Momentum = Typical 
Baseball Hand-Eye Coordination = RITSSE 
Wrestling Biomechanical Levers = Typical 
Track and Field Events  Projectile Motion = Typical  
Basketball Pressure = RITSSE 
Soccer Inclement Weather (expected as Conditioning = RITSSE) 
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A sample of the variety of techniques used for the warm-up discussion ranged 
from lecturing at the onset of a topic in order to front-load the lesson with necessary 
vocabulary; to conducting the demonstration of a discrepant, disequilibrating event to 
spark curiosity for further investigation.  At the other end of the lesson, lecturing at the 
conclusion guided students to the links between events into a greater unification of 
conceptual understandings after initial exposure to phenomena that highlight the 
discrepant events or students collaborating through the benefits of social learning to 
stimulate ideas through group discussions concerning the combined efforts on a shared 
project.  Other techniques were utilized during the middle portion of the class period such 
as modelling laboratory skills or practices, as well as the presentation of an open-ended 
inquiry when students were to investigate the phenomena at multiple levels using 
multiple sources of information to explain their responses.   
The assessments were part of the normal curricular measures for student 
assessments that have been used in previous anatomy and physiology courses except for 
the attitude surveys.  Participants were taught RITSSE lessons using an integrated science 
approach where the sport was used for learning.  Their extent of science learning was 
then compared to that for typical teaching methods.  The overall design of the research 
project used multiple pre-lesson assessment and post-lesson assessment quizzes, one set 
for each topic.  The lesson content tested was compiled into a set of problem-based lesson 
designs that have been developed to be reflective of a particular misconception about 
science.  Participants’ progress in learning target information, whether as novel 
information or the correction of a misconception, was treated as independent case studies 
rather than a collective of lessons in a unit.  A single science concept was used for each 
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lesson, selected from a list of physics, chemistry and biology.  By tackling a single 
problem from several perspectives and providing the relevance from sport, 
misconceptions were proposed to be corrected both in terms of conceptual understanding 
and integration into a student’s neural matrix of knowledge.  This matrix has a high 
correlation of conceptions and the big idea supporting the conception as established by 
the pilot study.  Not only did these activities support the building of elevated knowledge, 
but also enhanced science reasoning and critical thinking skills through their 
implementation. 
Quantitative data was gathered using pre-and post-quizzes to measure the growth 
in scientific understanding and misconception correction.   The results comprised 
participants' initial understanding of all the topics to be covered in a single exam.  There 
were brief quizzes specific of individual lesson topics administered after each individual 
lesson.  All participants received the same pre- and post-lesson quizzes at the beginning 
and again at the end of the experience.  The attitude surveys and the lesson quizzes were 
not administered together to maximize respondent feedback and to provide an 
opportunity for student reflection.   
Participants took the pre-unit science attitude assessment survey as a means to 
collect both demographic subgroup data and attitudes toward science at the first of the 
meetings.  There was no analysis of subgroups conducted, but it was collected for a 
potential follow-up study.  At this second gathering as a research study group, 
participants engaged in the pre-unit assessment quiz set to determine their initial level of 
content knowledge before the third meeting started the instructional lessons.  Subsequent 
meetings occurred each with a new lesson topic to be investigated.  At the conclusion of 
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each subsequent meeting, students too the post lesson quiz.  The final meeting consisted 
of participants taking the post-assessment survey for attitude changes during the course. 
Lessons were implemented as they were naturally woven into the curriculum.  
Pre-unit (and post-unit) attitude surveys toward science learning and the content 
understanding quizzes were delivered to participants via the class website on Google 
Classroom.  The format of the demographic data collection, as well as the survey and 
quizzes, were written with Google Forms to allow for automatic data collection and to 
streamline the transfer of data into other software for analysis such as Google Sheets.   
Data Analysis 
The researcher compared the results from the pre- and post-assessment science 
content quiz mean scores using descriptive statistics and two-tailed, dependent t-tests to 
determine if there was a statistically significant difference in student learning between the 
methodologies.  A second set of analyses also examined student learning.  The quiz 
questions used for each lesson were placed into one of two categories by lesson 
methodology, either directly assessing a concept linked with a RITSSE lesson activity or 
using a typical methodology.  Scores were analyzed for each category individually and 
together using t-tests to assess if the differences in mean scores was statistically 
significant.   
By categorizing individual quiz questions as either related to lesson activities that 
used RITSSE or typical methods of instruction, the related scores from these questions 
were then analyzed for differences in participant performance.  The scores of the typical 
methodology lessons were used as a baseline measurement to compare against the 
RITSSE scores.  The pre-lesson scores of each methodology were compared to one 
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another, as were the post-lesson scores.  The changes in mean score from the sixteen 
RITSSE categorized quiz questions on the pre-lesson to the post-lesson quiz were 
tabulated as were the 24 typical categorized questions for the change in mean score 
between the pre-lesson quiz to the post-lesson quiz.  If the RITSSE methodology benefits 
students, then participant learning for those questions should be larger than the changes 
of the typical questions.  The expert panel from the pilot study engineered the quiz 
questions for both methodology categories and the rubric for grading their responses to 
reflect any positive change in scores between the pre-lesson quiz and post-lesson quiz as 
a positive change in science content understanding.  Therefore, as the t-tests were 
conducted during the later analysis of the data, any statistically significant difference 
between any of the compared scores indicated a statistically significant difference in the 
science content that participants understood.  All such results informed the researcher to 
the outcome of the first research question concerning changes to the participants’ 
understanding of science content. The results of this analysis are described in detail in 
Chapter Four. 
Participant science attitudes were accessed at the onset of the unit indicating their 
attitudes toward science learning while participating in lessons of the typical 
methodology using justification rubric and content analysis.  Their science attitudes were 
again accessed after exposure to the novel RITSSE activities with the sports science unit 
with the post-unit attitude survey at the conclusion of the unit.  Two participants exited 
the semester early with a family self-imposed quarantine and missed their final exams 
which was when the other participants completed their post-survey.  However, both of 
these participants successfully completed the post-survey online during finals week while 
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quarantined with family through online teaching platforms.  This allowed for all 
participants to complete both the pre-survey and post-survey for changes in attitude 
before the term and research study ended.  Descriptive statistics were used to report the 
overall mode from each of the 23 open-ended questions on the pre-unit and post-unit 
survey.  Themes and patterns were then formulated to categorize the participant 
responses as responses with a common idea.  By condensing responses of similar content 
ideas into a larger group labelled with a code to summarize the theme or pattern of that 
group for how participant attitudes were categorized during pre-unit and post-unit 
surveys.  These themes and patterns through content analysis helped interpret the results 
of the survey by providing a technique for describing the types and degrees of changes to 
participants’ attitudes toward science learning. 
Limitations 
 The bounded population necessitated the use of case study methods thereby 
limiting the generalizability of the results to other high school populations.  Data from the 
participants may have skewed the data based upon their science course history since 
juniors and seniors both were included in the participant population, but subgroups were 
too small to analyze here.  Such data skewing would lower trends when students had not 
been exposed to each of the three major fields of the sciences comprising the foundation 
that assumed it existed.  Skewing would also be higher when students had enrolled in 
advanced coursework beyond the minimum graduation requirements.  Some students had 
profound negative feelings about sports stemming from a prior experience, and 
participation skewed mean attitudes, yet some members of athletic teams continued to 
participate due to positive experiences which skewed attitudes positively.  It was also 
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possible that because all of the students self-enrolled in this courses that they possessed 
an already positively skewed interest in science.  It was highly probable that we can 
dismiss students having more negative feelings about science once again under the logic: 
why would they self-enroll in an extra science course if they didn’t like science?   
Another issue of concern is absenteeism.  Should this not have been addressed, a 
gap in data collection and analysis might have existed; however, make-up opportunities 
were offered to offset this as all absent participants were able to make up missed lessons.  
All students that were absent for any lesson activities were self-disciplined enough to 
seek out opportunities and take advantage of those make-ups. 
A final issue to address was the possibility of students with a disability enrolling 
and so to not violate their rights to participation, the challenge would be accommodations 
potentially skewing the results.  Threats to participant well-being were not any different 
from participation in any organized sport or science laboratory lesson and appropriate 
safety precautions for each were administered.  Only one participant had an IEP in place, 
two others were recipients of gifted services and no students had physical disabilities.  
Again, subgroup analysis was not conducted in this study but gathered as potential 
follow-up research.  Logistics of the school schedule complicated the data tracking of the 
group.  Through careful planning and design of the procedures for typical and RITSSE 
results, based on question by question type, were separated for each lesson while the 
participant data remained confidential.   
Ethical Considerations 
 Participants were engaged in mental activities during lessons and also physical 
activities during the RITSSE laboratories.  Parents of participants were informed of the 
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program of studies and instructional methods and asked to provide a waiver of consent 
for their child to participate.  Full disclosure was made of potential activities, the 
common injuries associated with those activities, procedures in place to minimize their 
eventuality, and additional procedures to follow should any injury occur.  The physical 
risks during RITSSE investigations were presented in conjunction with the ethical 
considerations for treatment of participants.   
 Participants were given consent and assent forms for their approval and for the 
approval of their family/guardians.  Parents were provided with information for the 
generic participant as to how they would be involved in a self-controlled design.   After 
full disclosure of the research goals and securities for anonymity of data tracking 
procedures, parents of participants were asked for their consent to have their child 
participate.  Some of the intended participants had previously turned eighteen years old 
before the study began, while others remained under eighteen years old for the entirety.  
All participants were asked for their assent and parental consent regardless of age.   
The lessons integrating sport and science are a normal part of the anatomy and 
physiology curriculum, so the only differences between students and participants was that 
participants released their data for data analysis, where students who chose not to 
participate had their data withheld.  All information was coded for anonymity of students 
and participants and the cooperating school and its district. Once the school term began 
and the roster was finalized, the above information once again was discussed and student 
questions were addressed.  The RITSSE lessons had been used previously as part of the 
curriculum for the anatomy and physiology course during the pilot study with another 
group of students in an earlier term.  This helped set students' concerns at ease because 
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they were not the first to experience a brand-new technique.  This ultimately might have 
led to more students consenting to participate.  The cooperating school district had its 
own assent and consent paperwork to file in addition to the IRB and University of 
Missouri - Saint Louis documentation.  All of these procedures were administered and 
forms filed for the duration and the length of time each institution required for securing 
all data and paperwork under lock and key upon completion of this dissertation/research 
study.  
Summary 
 Science content assessment questions were categorized as either relating to typical 
lesson components or RITSSE lesson components.  Participant scores differences 
between pre-lesson assessment and post-lesson assessment questions were predicted to 
have a positive change for both categories, but the RITSSE changes were expected to be 
larger than the typical.  Attitudes toward science learning were also predicted to change 
positively due to participation in RITSSE activities as instructional methods.  The next 
chapter includes the results of the analyses of all assessments.  
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CHAPTER FOUR: RESULTS 
 A case study determined if incorporating RITSSE activities into student lessons 
improved student science learning more effectively than typical lesson designs.  To 
facilitate the study, a unit of eight lessons was designed around common science 
misconceptions present in the post-secondary general public.  Participants engaged in 
either typical lessons or RITSSE lessons which added a layer of participation in sporting 
activities to the typical lesson design.  As participants engaged in either lesson, pre- and 
post-assessment quiz scores that measured science content understanding were collected 
and then compared in order to assess changes in student learning.  A correct answer 
indicated that either novel information was learned or a misconception was corrected.  
The quiz questions used for each lesson reflected lesson design type.  Questions that were 
assessing a concept that was directly linked with a lesson activity using typical 
methodologies were scored as part of the traditional data set.  Questions that assessed 
concepts directly linked to a RITSSE methodological activity were scored as part of the 
RITSSE data set.  Participant science attitudes after exposure to the novel RITSSE 
activities with the sports science unit from the post-unit attitude survey were also 
collected and compared to the pre-unit survey reflective of a “lifetime” of typical 
instructional methodological exposure.   
This chapter is divided into two major components.  The first component reports 
participant demographics while the second component discusses the results of analyses 
addressing the research questions.  The results were subdivided into the quantitative 
results from the pre-post lesson assessments regarding the changes in the understanding 
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of science content and the descriptive results from the pre-post surveys regarding the 
changes in attitude. 
Demographics 
 The participant population demographics are summarized in Table 3.  The first 
eight questions of the pre-attitude survey obtained demographic data.  Since this 
information did not change over the course it was not repeated on the post-attitude 
survey.   
Sixteen individuals agreed to participate in the study.  In terms of ethnicity, the 
participant population is diverse.  Seven of the participants self-identified as white, six as 
black, two as Hispanic, and one preferred not to say.  Three of the participants’ families 
do not speak English as their primary language, though all participants were fluent 
English speakers.  The cooperating school is found in a region with more commercial 
areas and limited residential neighborhoods and lies across a ZIP code border from the 
rest of the district and the majority of the school’s residential areas.  Only three of the 
participants' families reside in the same ZIP code as the school while the other thirteen 
can all be found within the same neighboring ZIP code that has a far higher ratio of 
residential to commercial areas.   
When requested to self-assess the current status of their health, six participants 
scored themselves at a “two” out of a scale of four, where “one” on the scale was not 
healthy at all and “four” was perfectly healthy.  Eight participants scored themselves at a 
“three” on the same scale.  The remaining two participants were both members of year-
round sports teams and scored themselves with a “four”.  Participants were also asked to 
provide a history of sports they participated in (though not necessarily as part of a school 
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team).  Seven participants indicated that they have been members of three or more 
sporting programs (teams, clubs or groups).  Two participants were associated with two 
programs, while four other participants have been part of just one.  The last three 
participants have had no previous experience with any sporting program.  Finally, the 
demographic section concluded with a question regarding the participants' science class 
history.  Eleven participants had taken before this course at least one other science 
elective course.  Four different participants indicated that, aside from this course, they 
had only enrolled in the minimum graduation requirements.  The remaining student 
participant transferred from another state and she indicated that she had not yet finished 
her graduation requirements due to the curricular differences between states. 
 
Table 3 
Sociodemographic Characteristics of Participants  
Characteristic N=16 % 
   
Grade Level                                              
     Junior 11 68.8 
     Senior 5 31.3 
Gender                                                     
     Female 14 87.5 
     Male 2 12.5 
Ethnicity                                                      
     Black 5 31.3 
     White 7 43.8 
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     Hispanic 2 12.5 
     Other 2 12.5 
Primary Language                                    
     English 13 81.3 
     Other 3 18.8 
ZIP Code                                                   
     xxx42 3 18.8 
     xxx31 13 81.3 
Self-Health Rating                                              
     1 0 0.0 
     2 7 43.8 
     3 7 43.8 
     4 2 12.5 
Personal Historic Number of Sports                 
     0 3 18.8 
     1 4 25.0 
     2 2 12.5 
     3 4 25.0 
     >3 3 18.8 
Science History        
     < Graduation Requirements 1 6.3 
     Graduation Requirements 4 25.0 
     > Graduation Requirements 11 68.8 
 




 Case study results for the first research question will be presented using 
quantitative analysis, then the second research question will be presented in a later 
section using qualitative analysis. 
Quantitative Results – Changes in Participant Understanding 
The first research question - “Does participation in RITSSE activities have an 
effect on the learning of science for high school anatomy and physiology students 
compared to typical science lessons without kinesthetic activities as measured by the 
change in scores between pre-lesson and post-lesson science content assessment 
quizzes?” - was analyzed quantitatively using descriptive statistics and two-tailed, 
dependent t-tests to determine if there was a statistically significant difference between 
lesson pre-assessment and post-assessment science content knowledge mean scores.  It 
was hypothesized that RITSEE lesson design would yield greater increases in post-lesson 
assessment scores compared to pre-lesson assessment than the typical lesson design.  The 
null hypothesis was that there would be no difference in the learning measure between 
the two lesson designs. 
Each classroom period began with a five-question pre-assessment quiz and 
concluded with an identical post-assessment quiz to provide a measure of science 
learning.  All 16 students received the same instructional content and took identical 
assessments for each lesson. 
A statistical analysis of the differences between question categories of pre-lesson 
and post-lesson quiz scores addressed this research question using two-tailed t-tests set 
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with p = 0.05.  Two tails were chosen to accommodate the possibility of misconception 
increases during the lesson which would be exhibited should a negative direction of 
science content learning occur.  Ideally, t-tests set the confidence value at 0.05 and are 
most informative when sample sizes are equal.  In the scheduled assessments, RITSSE 
sports lessons and their corresponding assessment items were to have equal 
representation with the typical science lessons and their corresponding assessment items. 
Cohen’s d was used to measure the effect size of statistically significant t-tests.  
The greater the Cohen’s d value, the greater the difference between standard deviations of 
the two variables being examined and thus a higher effect size.  Each whole number of a 
Cohen’s d value approximates a complete standard deviation (d = 1.0 is equal to one 
standard deviation, 2.0 is two standard deviations, etc.)  Cohen’s d can generally 
demonstrate a small effect size with a d value between 0.2 and 0.49.  Any lower than 0.2 
and the results are considered to be trivial even if other measures suggest statistical 
significance.  A medium effect size for Cohen’s d must yield a value of at least 0.5 but no 
more than 0.79, while a large effect size must possess a d value equal to or greater than 
0.8. 
Some of the individual quiz questions naturally aligned with either the typical or 
RITSSE methodology better than others.  From the eight lessons, 16 out of the total 40 
questions were categorized as RITSSE methodologies, while the remaining 24 were 
assigned the typical methodology.  These last ten assessment items were imbalanced 
since more RITSSE items were planned to be done during the last two lessons and their 
absence had resulted in the undesired lack of proportionality for the intended t-test.  This 
also reduced the exposure time for participants to potentially change their attitudes 
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toward science learning.  The difference in performance on the two types of questions 
expressed as percentages of the total possible points was examined as a secondary 
method of analysis for the first research question.  Not all individual questions had the 
same point values.  Questions ranged from one to eight points.  The mean scores of 
participants for each question were analyzed based upon the status of the question as 
either a typical- or RITSSE-aligned question. 
It was hypothesized that the RITSSE lesson design would yield greater increases 
in post-assessment score compared to pre-assessment than the typical lesson design.  The 
null hypothesis was that there would be no difference in the learning measure between 
the two lesson designs.   
Student scores on the pre-assessment of the typical methodology lessons yielded a 
higher mean than that for the experimental RITSSE methodology lessons.  But, the 
increase in post-assessment scores was much greater for the experimental methodology 
lessons than the typical methodology lessons.  The results from the RITSSE pre-
assessment (M = 30.0%, SD = 3.1) and for the post-assessment (M = 69.0%, SD = 2.0) 
indicate a score improvement of 39.0% regarding science content understanding t (26) = 
6.3, p <0.01.  The results from the typical pre-assessment (M = 51.0%, SD = 4.8) and for 
the post-assessment (M = 66.8%, SD = 4.1) indicate a score improvement of 15.8% 
regarding science content understanding t (26) = 5.0, p <0.01.  For RITSSE methodology 
lessons, the mean score difference from pre- to post-assessment of 39.0, 95% CI [22.4, 
24.6], was statistically significant when t (30) = 2.043, p < 0.01; with a large effect size, 
Cohen’s d = 4.3.  The typical methodology difference from pre- to post-assessment of 
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15.8, 95% CI [12.5, 19.1], was statistically significant when t (30) = 2.043, p < 0.01, with 
a large effect size, Cohen’s d = 2.8.  
 
Table 4 
Pre-Assessment and Post-Assessment Mean Scores in Percentage Correct for the Science 
Learning Quizzes 
 Pre-Assessment Post-Assessment    
Category M SD M SD t (26) p  Cohen’s d 
Typical 51.0  4.8 66.8 4.1 5.0 < 0.01 2.8 
RITSSE 30.0  3.1 69.0 2.0 6.3 < 0.01 4.3 
 
The differences between pre-assessment and post-assessment scores were found 
to show a positive change in learning of 15.8% for the set of typical lesson questions and 
more than double for the RITSSE lesson questions with 39%.  The analysis of the data 
consisted of a two-tailed t-test to determine if the differences between these means were 
significant or not.  Since the t value from this analysis was much higher than the critical 
value of p, the null hypothesis was rejected with greater than a 1% confidence level.   
All of the lessons were assessed with a blend of typical and experimental RITSSE 
questions.  The proportions of typical and experimental assessment items varied from 
lesson to lesson based on the science content and the sport that each lesson was linked 
with.  By dissecting each lesson’s assessment to separate typical question items from 
RITSSE question items, an examination of science content was learned for each.  Table 5 
reports mean changes from pre-assessment to post-assessment for the questions 
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corresponding to the typical methodology lesson.  This presents the researcher with data 
serving as a subset to the first research question.  The subset of data focuses on the 
changes observed within the typical methodology scores participants recorded between 
the pre-lesson and post-lesson quizzes.  This subset informs the researcher to the impact 
that typical methodologies alone have on science content understanding.  On average, 
questions associated with the typical instructional methods received higher post-scores 
(M = 68.2%, SD = 28.5) than pre-scores (M = 46.4%, SD = 31.1).  This difference in 
science content understanding as a product of typical lesson methodology demonstrated a 
21.8%, 95% CI [18.5, 25.1], improvement from the pre-assessment to the post-
assessment, which was significant when t (46) = 2.014, p <0.01, with a large effect size, 
Cohen’s d = 0.8.   
 
Table 5 
Analysis of Question Scores in Percentage Correct Aligned with the Typical Methodology 
 Pre Scores Post Scores    
Category M SD M SD t(46) p 
 
Cohen’s d 
Typical 46.4 31.1 68.2 28.5 2.014 < 0.01 0.8 
 
Unlike the data from Table 5 for typical scores, the data from Table 6 presents 
mean scores for questions associated with RITSSE methodology lessons.  This presents 
the researcher with additional data serving as another subset to the first research question.  
This subset of data focuses on the changes observed within the RITSSE methodology 
scores participants recorded between the pre-lesson and post-lesson quizzes.   This subset 
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informs the researcher to the impact that RITSSE methodologies alone have on science 
content understanding, which can then be cross-referenced with those results from Table 
5 for the specific impact of typical methods.  Note that these data shows higher post-
scores (M = 64.3%, SD = 5.4) than pre-scores (M = 24.6%, SD = 7.0).  With the 
difference of 39.7%, 95% CI [14.3,65.1], in the science content understanding from pre-
assessment to the post-assessment during the use of RITSSE lesson methodology, a 
significance to this difference exists when t (30) = 2.043, p < 0.01, with a large effect 
size, Cohen’s d = 4.7.  Tables 5 and 6 both exhibited large effect sizes.  This 
demonstrated that both methodologies are effective techniques for students to learn 
scientific concepts.  However, the data from these particular tables do not provide more 
details about the differences in the efficacy of either method.   
 
Table 6 
Analysis of Question Scores in Percentage Correct Aligned with RITSSE Methodology   
 Pre-Scores Post-Scores    
Category M SD M SD t (30) p 
 
Cohen’s d 
RITSSE 24.6 19.0 64.3 27.9 2.043 < 0.01 4.7 
 
Table 7 reports the difference between the mean pre-assessment and the post-assessment 
scores for both the typical and RITSSE quiz questions.  This data presents the researcher 
with a final subset layer of data addressing the first research question.  This data focuses 
on the changes in participants’ score percentages as observed between the typical 
methodology scores and RITSSE methodology scores quizzes increases from the pre-
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lesson to post-lesson quizzes.  This subset informs the researcher a statistical comparison 
of the differences to the impact that typical methodologies alone have on science content 
understanding versus the impact of the RITSEE method.  On average, the percentage 
increases in scores from pre- to post- using typical instructional methods (M = 15.8, SD = 
4.2) were greater than the percentage increase from pre-scores to post-scores of RITSSE 
instructional methods (M = 39.3, SD = 13.9).  This difference, 23.5, 95% CI [16.3, 30.7], 
was also significant when t (30) = 2.043, p < 0.01, with a large effect size, Cohen’s d = 
6.5.   
 
Table 7 
Difference Scores for Questions Aligned with the Typical and RITSSE Methodologies  
Category Typical RITSSE    
 M SD M SD t (38) p 
 
Cohen’s d 




 After multiple analyses of the data of content learning the RITSSE methodology 
has led to a larger positive changes in science content knowledge than the typical 
methodology.   
Qualitative Results – Changes in Participant Attitude 
The second research question, “Does active kinesthetic participation in RITSSE 
activities have an effect on attitudes toward learning science as measured by changes to 
themes between pre-unit and post-unit attitude surveys toward learning science?” was 
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addressed with a qualitative analysis conducted on the changes between a pre-survey 
concerning student attitudes toward science and a corresponding post-survey.  A second 
research hypothesis predicted that exposure to the RITSSE lesson design would yield an 
improvement in student attitudes toward science.  The corresponding null hypothesis was 
that there would be no change in student attitudes toward learning science over the course 
of the study.   
The descriptive data presented about the attitude changes of participants by the 
pre-and post-surveys were analyzed using a rubric focused on justification followed by a 
content analysis.  The content was condensed and independently labeled with summary 
codes of the participant population modal responses.  Individual changes were observed, 
but larger sample changes were also observed.  In order to describe those group changes, 
an analysis of the most common answers among the group was conducted to track the 
changes in the sample’s modal responses.  A rubric was used to score participants’ 
justifications to question responses.  Responses with common scores were grouped 
together.  These groups of responses underwent content analysis to determine common 
themes and patterns of the participants’ choice of words and phrasing.  This technique 
was applied to all rubric levels.  When analyzing the change in responses from pre-unit to 
post-unit, a qualitative analysis technique from Hsieh and Shannon (2005) and 
Buczkowski et al. (2014) as described in Chapter 3 was used for describing types and 
degrees of attitude changes.   
Each of the 23 survey questions that was assessed with a justification rubric was 
analyzed for common themes and patterns in the respondents’ language choices.  Twelve 
of the 23 open-ended questions using a justification rubric elicited a response that 
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justified the respondent’s previous answer to a paired question.  The remaining 11 open-
ended questions were not paired with another question but were independent topics, yet a 
justification rubric was still used searching for commonalities in respondents’ language 
choices in their answers.  
Each survey question was also individually analyzed for the changes in responses 
proportions, those changes in response proportions were labelled as one of four options: 
(1) No Substantial Change, (2) Shift, (3) Convergence, and (4) Divergence.  When the 
label “No Substantial Change” was used, a change of a single participant or no changes 
were observed.  The label “Shift” was utilized if enough participants responded 
differently from the pre-survey to the post-survey to change the theme of the mode.  A 
“Convergence” label showed that more participants responded in the post-survey to the 
same model in the pre-survey keeping the original mode theme.  Divergence labels were 
found to describe conditions where fewer participants responded in the post-survey than 
the original pre-survey mode but not in great enough numbers so as to change the mode 
theme.  These types of change are descriptive of how the mode changed from the pre-
survey to the post-survey for each question and are explained below.  The attitudinal 
surveys in its entirety for pre-assessment and post-assessment analysis can also be found 
in Table A4 of the Appendices.   
Table 8 presents an attitude survey break down of the overall results into five 
subsections (1) Participant Activities, (2) Reasons to Gather Information, (3) Reasons to 
Communicate Information, (4) Participant Interests, and (5) Future Plans.  The most 
common theme to the participants’ responses for each individual question (modal 
response) was analyzed for changes in the group’s attitude.  Use of the mode was chosen 
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for the 54 survey responses to science related questions, here as non-numeric scaled 
answers to the survey questions.  These 54 science related survey questions were further 
subdivided for analysis as 31 scaled responses of the frequencies of participant behaviors, 
12 justifications that were paired with corresponding topics regarding the frequency of a 
particular activity participants engaged in or a resource used by the participants and 11 
open-ended questions.  Content analysis was used to develop coding systems to 
categorize participant response patterns allowing for the aforementioned analysis of 
changes to the mode.  The responses from the pre-survey represented the participants’ 
baseline attitudes after exposure to typical educational methodologies.  Any changes to 
the attitudes of participants on the post-survey were attributed to exposure to the novel 
RITSSE methodology used in this case study. 
During a shift, the original mode completely changed to a new topic for that 
particular question.  For example, in Question 67, participants were asked why they 
agreed to participate in this study.  The mode shifted from six referring to an aspect of 
wanting to help their instructor to seven indicating they wished to learn more about the 
topics presented in the lesson. 
Convergences were a common response.  An example of convergence is 
demonstrated by Question 87 that inquired where students foresaw themselves in five 
years.  The pre-survey reflected nine participants indicating enrollment in college but this 
increased to fourteen on the post-survey. 
Divergences were the most common response especially in the Participant 
Activities subsection.  An example of divergence is demonstrated by Question 15c which 
asked for the frequency participants sought science information from a textbook or 
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reference book.  Responses decreased from thirteen on the pre-survey to eight on the 
post-survey. 
Finally, a category of “No Substantial Change” indicated that the modal response 
changed by only one participant if at all.  The summary of the overall survey results as 
broken down by the type of mode change in relation to each subsection is found in Table 
8 and a summary of the changes to the open-ended survey questions can be found in 
Table A6 of the appendices. 
 
Table 8 
Type of Modal Change by Subsection of Survey 
 Type of Mode Change 
Subsections (Number of 
Questions) 
Shift Convergence Divergence No 
Substantial 
Change 
Participant Activities (28) 7 7 6 8 
Reasons to Gather Information 
(24) 
4 7 0 13 
Reasons to Communicate 
Information (24) 
6 2 1 15 
Participant Interests (20) 6 4 2 8 
Future Plans (14) 4 1 0 9 
  
The surveys had several questions related to topics of health and technology to be 
used in future analyses and excluded from this case study.  The 54 survey questions that 
were used in this study all related to participants’ attitudes toward science.  Forty-three of 
the questions were designed as either a set of 31 responses to scaled questions of four 
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choices regarding frequencies of participant behavior or 12 questions of six choice 
questions for participant justifications paired with another scaled response.  Although 
Likert scales prefer the use of odd numbers of choices (typically five or seven), this study 
removed the “average” middle response to force participants to choose a side to assign 
their attitudes and perceptions. 
Only thirty-one of the ninety-one qualitative scaled responses were related to the 
science attitudes under investigation in this study and the remaining sixty were better 
related to health or technological attitudes.  A majority (17) of these 31 scaled questions 
did not exhibit any substantial changes between the pre-survey and the post-survey.  
 Six of the scaled questions from an analysis of qualitative modes were found to 
exhibit divergence in thematic patterns from the pre- to post-surveys.  An average of 
21.4% was demonstrated by the questions contributing to this divergence pattern of 
modal change.  The question topics demonstrating divergent results often were related to 
participant information gathering and what they then do with that information.  Fewer 
participants gathered information from their instructors, family, friends, textbooks, and 
mass media.  The number of participants expressing these answers on the post-survey 
decreased compared to the pre-survey, but not enough change occurred to create a 
different sample response mode.  The loss of multiple resources options for gathering 
information is most likely interpreted as participants demonstrating increased self-
reliance in their ability to gather information from the RITSSE experiences compared to 
the experiences from typical lesson design.  Question Number 76 serves as an example, 
which asked participants how interested in learning science while in school and the 
number of pre-survey responses indicating that they “usually are interested” decreased, 
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while the number of post-survey responses indicating “science is their favorite thing to 
learn about” increased by 7.14%.     
The next pattern of substantial change to emerge from this set of questions was 
one of convergence, but it was only from four questions which each produced a positive 
change of 14.3% for the original mode.  Two of these questions within the convergence 
pattern of scaled questions related to again information gathering sources, but here these 
questions had an increase of participants all answering a rare frequency for literature of 
non-reference nature and general press sources.  These results support the increased self-
reliance interpretation of participant experiences with the RITSSE methodology versus 
the typical methodology.  A question of this pattern group was Number 72, which 
showed an increase in the proportion of students that self-rated their learning ability on a 
four-point-scale (one=poor and four=superior) at a level three.   
The only other pattern with a substantial set of changes to the mode response was 
a shift to a new mode topic with three of the survey questions.  These topics were more 
diverse and did not produce a strong common group.  All of these shifts occurred as only 
two participants changed their responses and that was enough to generate a new modal 
topic.  Therefore, the pre-survey results between the top two responses and the post-
survey must have been very close if the mode could shift with a change of only two 
responses.  An example question (Number 82) for this section demonstrated a shift from 
the original mode, but the similarity to the question topic with Number 72 warrants 
mentioning.  The topic of Number 82 asked participants to self-rate how they perceived 
others to view them as science students using the same scale as Number 72.  The results 
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of the pre-survey demonstrated a perception at a level two, but this self-evaluation shifted 
to a level three during the post-survey results.   
Of the 12 open-ended questions paired with a scaled question eliciting a 
justification to its paired response only one question (#28) demonstrated any substantial 
change.  When asked to justify why participants choose to read about a science topic in 
any form of print media, a convergence of 14.3% of responses increased the frequency of 
the modal response around the common theme that they were reading for their own 
pleasure.  The justification rubric grouped two additional responses after the post-survey 
together in this “pleasure” category than originally appeared in the pre-survey responses. 
In the responses that arose from the independent open-ended question group of 
survey questions that were unpaired with other questions, a slight majority of six out of 
the 11 questions were able to show a substantial shift in attitudes and three other 
questions demonstrated a convergence as two distinctive patterns.  These open-ended 
common patterns of modal changes to the results were a shift and a convergence 
respectively.  These questions were designed for students to provide more of a one-
paragraph essay response rather than a traditional five-paragraph essay.   
Six of these open-ended questions yielded a shift in the mode by an average of 
21.4% of the sample group’s responses.  Three of these six open-ended questions 
reflected a common pattern of changing the mode response to question topics related to 
their future plans of science use.  An increase in participants planning on majoring in life 
science while in college or pursuing biology related career paths or using science in 
making medical decisions all were new modes on the post-survey not present in the pre-
survey participants’ responses.  Another two responses related to the use of science in the 
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activities participants chose to engage in shifted from technology use to a tie between 
technology use and face to face interactions with people.  Since this case study was 
completed before the pandemic, these numbers may represent the last data of the “old-
normal” education conditions, which the virtual learning models in use during the writing 
of the analysis of the results from the case study, will likely change student perspectives 
negatively against technology use in education. 
Question Number 67 exhibited perhaps one of the most substantial conceptual 
shifts in participant responses when it asked why participants chose to enroll in the case 
study.  The pre-survey response was a tie between “sports science seems to be an 
interesting topic” as the common theme and they “wanted to help their teacher”.  On the 
post-survey, however a shift of seven participants shifted the mode to a new common 
theme reflecting a desire that they “wanted to learn more about sport science”.   
Three of the questions from this group of independent open-ended questions 
reflected convergent responses to future plans or how they plan to use science in the 
future.  Here participants envisioned themselves in 5 years from the time of the case 
study in college increased by five participants, another five predicted they could use the 
science that they were able to learn during the case study to improve their pursuit of a 
healthy lifestyle through exercise.  The final convergence of participants’ responses 
revolved around their use of medical treatments to the same theme of pursuit of a healthy 
lifestyle. 
 Another exemplar of a question that showed a shift was Number 13 which had a 
42.9% change in sample mode of responses when they were asked to describe instances 
of science connections to their everyday life.  On the pre-survey two modes revealed 
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themes for summarizing responses indicating how participants use science for either 
school-related activities or that everything is science.  These original modes were 
abandoned during the participants’ responses on the post-survey that centered on a theme 
regarding the idea of homeostasis.   
The other distinctive pattern observed in the open-ended responses showed a 
convergence of participant responses to enhance the original mode of the pre-survey.  
Four questions of this category exhibited this convergence pattern with an average 
increase toward the original pre-survey mode by 25.0% on the results of the post-survey.  
A specific instance of such a pattern comes from question Number 87 which had a 35.7% 
convergence of the participants’ responses to a “five-year plan” in favor of the original 
mode.  During the course of the study, greater than a third of participants foresaw 
themselves five years from the time of the study - enrolled in college or university 
programs compared to when participants began the study.    
No substantial changes 
 Of the 54 science-related questions between the pre- and post-surveys, 24 
questions of science attitudes had “No Substantial Change”.  The breakdown of these 24 
questions with “No substantial change” from each subsection was delineated into one 
question from the Participant Activities subsection, six questions from the “Reasons to 
Gather Information” subsection, seven questions from the “Reason to Communicate  
Information” subsection, five from the “Participant Interests” subsection, and five from 
the final subsection of “Future Plans”. 
Table 9 summarizes modal changes for each survey question if any change 
occurred.  The description following Table 9 describes the participants' responses within 
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each subsection according to the type of changes that occurred between the pre-survey 
and post-survey.  Each subsection was organized by the frequency that a particular type 
of change occurred within that subsection.  The instances exhibiting “No Substantial 
Change” had either no changes or only a single participant altering their post-survey 
response from their original pre-survey answer.  The “Strength of Change in Mode” 
column of Table 9 expresses the percentage of the sample that changed.  The positive and 
negative values reflect the directionality from the pre-survey mode.  Positive values show 
increases in the original mode in a Convergence or a gain for a new value in a Shift.  
Negative values show decreases in the original mode but not enough that the mode 
changed from the pre-survey.  One question (Number 9) exhibited a “+/-” that reflected 
multiple modes on one of the surveys.  The technology was the pre-survey mode with six 
responses; however, a shift was seen for technology and face-to-face interactions wherein 
three participants responded to each.  Face-to-face interaction had an increase in 
responses, while technology had a decrease.  Question Number 22 could serve as an 
example of a question that demonstrated no substantial changes.  Consistently, twelve of 
the sixteen participants indicated when they chose to read a book (reference, textbook, 
novel, etc.) predominately for the reason of doing a school assignment.  The majority 
(twenty-four out of forty-six) of the survey questions regarding science attitudes 
exhibited no substantial change in the modal responses of the participants.  This small 
proportion of attitude changes reflects that exposure to the RITSSE teaching 
methodology during the course of the case study only moderately changed participants’ 
attitudes toward science learning. 
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Table 9 
























3 3 Convergence +12.5% 
14 Importance of 
science (1-4) 




15a Science info 
sources – 
teacher 
Majority Majority Divergence -18.8% 
15b Science info 
sources - 
family/friend 
A little  A little Divergence -18.8% 
15c Science info 
sources - 
text/reference 
A little A little Divergence -31.3% 




Rarely Rarely Convergence +18.8% 




Majority Majority Divergence -12.5% 
15f Science info 
sources - 
press media 
Rarely Rarely Convergence +18.8% 
15g Science info 
sources - 
mass media 
Rarely Rarely Divergence -18.8% 
 





     
21 Frequency of 
reading a 
science book 






22 Reasons for 
previous 














28 Reasons for 
previous 
Fun Fun Convergence +12.5% 






Weekly Shift Stagnant 
0.0 
34 Reasons for 
previous 













40 Reasons for 
previous 







     








46 Reasons for Assignment Assignment No Stagnant 
 














52 Reasons for 
previous 













58 Reasons for 
previous 





63 Frequency of 
writing about 
science 
Not at all Not at all Divergence -12.5% 
64 Reasons for 
previous 


































70 Rate yourself 
in regards to 
current health 
(1-4) 




71 Rate yourself 3 3 No +6.3% 
 
PARTICIPATION IN SPORT FOR ENHANCED SCIENCE INSTRUCTION  90 
 




72 Rate yourself 
in regard to 
learning 























82 How do you 
believe others 
rate you as a 
science 
person (1-4) 
2 3 Shift +12.5% 





































93 Can you Definitely Definitely No Stagnant 
 






yes yes substantial 
change 
0.0 




























99 Can you 
envision 
using science 











      
 
Survey Subsection - Participant Activities 
 The description below relays the more substantial outcomes of the survey 
questions regarding the types of activities participants engaged in during their time away 
from school related activities. 
Overview 
 When asked to identify three main ways that participants spent their free time, the 
majority chose some form of direct interaction such as “hanging out with friends or 
family” and “engaging in the use of one form of technology or another” (television, 
streaming, videogame, phone etc.).  The third way participants spent their time was more 
varied, ranging from simple homeostatic activities like eating and sleeping to sports, 
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reading and art. These responses provided a baseline to more specific questions regarding 
health science and technology.   
Participants were asked about how often they used a particular resource when 
they chose to look for science information.  The options were a) teacher, b) family/friend, 
c) text/reference, d) different type of book, e) internet, f) print media, and g) electronic 
media.  When answering the questions about looking for science information the majority 
of the time participants said that they would seek out a teacher or check the internet.  
Occasionally participants would look at electronic media sources or within printed 
materials (both text and other types of book) when searching for science information.  
Participants indicated that they rarely would use print media sources.  When quantifying 
the importance of science to their lives approximately a third of participants indicated 
that science was a level three or moderately important, while another third listed it as 
level four or highly important.  Question 13 asked participants to describe what activities 
exhibit science in their everyday lifestyles.  On the pre-survey, the participants’ modes 
split their responses between “science is everywhere” and “doing homework for science 
class” when asked to describe the everyday activities related to science.  On the post-
survey, this later shifted to an expression of homeostasis with the dominant responses of 
eating and sleeping.   
After comparing the changes in participant responses between the 12 questions 
concerning science on the pre-survey and the post-survey, four questions showed a 
substantial number of changed responses resulting in a convergence, five a divergence, 
two questions demonstrated a significant shift in participant answers and one had no 
substantial change at all.  Question Number 11 demonstrated an example of one of the 
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two distinct patterns to change the modal response in this section of the survey. A 14.3% 
of participants converged on the original pre-survey mode when asked again on the post-
survey about the importance of health by changing most responses from level two up to 
level three on a four-point scale (one=very little to four=highly).  The other distinctive 
pattern was a divergence modal change modelled by question Number 15.  This multiple-
part questions consisted of participants identifying the frequency in which they used 
different sources when researching information regarding science topics.  Each of the 
seven components identified a different source and five of the components demonstrated 
the divergent pattern with an average change of 25.0%.  Each of the responses on the pre-
survey was on extreme ends of the four points scale (one=rarely if ever to four=a 
majority of the time), while on the post-survey each response that changed moved to the 
middle part of the scale.  This suggests that whatever the feelings of the original source, 
participants felt more empowered to find the research they were looking for from 
multiple sources. 
Converge – Participant activities 
 Two questions demonstrated changes that converged about the mode.  Two 
questions were related to the topic of the sources participants use when looking for 
science information and both responses were listed as “rarely”.   
Diverge – Participant activities 
 Five of the science-related questions from this subsection were all of the other 
sources of information that didn’t exhibit the convergence of print media but showed a 
divergence pattern of change. 
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Shift – Participant activities 
 When asked to list everyday activities regarding science as a new model emerged, 
that expressed at least one theme of homeostasis.  The remaining question which showed 
a shift was from the ways participants spent their free time.  They were engaged in more 
face-to-face interactions rather than being tied to the use some form of technology which 
was the previous mode by nearly 50%. 
Specific examples 
 Several survey items showed strong enough change to worth specific mentioning.  
When asked to identify the three main ways participants were spending their free time as 
they used various forms of technology, a shift of three participants occurred creating a tie 
for the post-survey mode between “technology use” and “face-to-face interactions”.  Two 
more questions regarding everyday activities respectively centered on science and it 
shifted focus by six participants from communication as the mode.  The remaining 
questions each looked at specific resources and the participants change in the frequency 
of their access to those resources.  When answering about the use of teachers, friends and 
family as science resources the participant mode indicated a divergence of three 
participants from their pre-survey answers whereas the use of textbook or other reference 
resources decreased by five participants.  Other forms of literature and press media usage 
as resources for science had a three-participant convergence about the pre-survey 
responses and mass media showed a divergence of also three participants.  The survey 
responses regarding participants’ activities showed out of a total of 12 questions, five 
questions had an average divergence from the original mode by 21.43% of the total 
responses, but that was not enough to change the mode.  Four of these questions 
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strengthened the original modal response by an average of 23.2%.  The two remaining 
questions showed a substantial change in responses that shifted the original mode to a 
new topic by changing an average of 32.1% of the participants’ attitude toward science 
learning. 
Survey Subsection - Reasons to Gather Information 
 The subsection below describes the more substantial outcomes of the survey 
questions regarding why participants have gathered information during the 
implementation of the case study. 
Overview 
The questions in this survey section focused on not only the frequency of the 
information gathered in the previous question but also the rationale for why they were 
researching to acquire this information in the first place.  The timeframe mentioned in the 
questions from this section references the last three months, which established a baseline 
prior to the beginning of the pre-survey.  All questions regarding the frequency a 
particular source of information was used by the participants were paired with a follow-
up question on the reason for the participants’ responses.  The following media sources 
were asked of participants to describe their frequency of use during the three-month 
timeframe: a) books, b) print media, c) small/big screen, and d) websites.  The frequency 
options consisted of: i) not at all, ii) once, iii) monthly, iv) every two weeks, v) weekly, 
and vi) daily.  The options for participants to identify their rationales for the linked 
questions were: 1) assigned for class, 2) required by an employer, 3) fun/personal 
enjoyment, 4) used to make a decision, and 5) related to future interests of school/career. 
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One of the responses exhibited a convergence about the mode, while the 
remaining question shifted the mode from one frequency theme to another.  Both of these 
questions demonstrated the changes in attitude by an average of only two participants 
altering their responses.  There were no questions that revealed a divergence in responses 
from the pre-survey to the post-survey.  The small number of questions in this section of 
the analysis reflects that the RITSSE exposure during the case study was ineffective at 
showing a change in attitudes regarding science learning. 
Converge – Reasons to gather information 
 The frequency was described as “not at all” and the rationale for that medium of 
information was just for fun. 
Shift – Reasons to gather information 
 The last question from this section was in to respect to the frequency of 
participants gathering information about science from a film.  This question demonstrated 
a significant change in responses from the pre-survey to the post-survey that ended up 
shifting the original participant mode tie between “once” and “weekly” to weekly alone. 
Survey Subsection - Reasons to Communicate Information 
 The subsection below describes the more substantial outcomes of the survey 
questions regarding how participants have communicated information during the 
implementation of the case study. 
Overview 
 The questions in this section examine what the participants do with the 
information that they provided in the previous section of the survey.  The following were 
the options offered to the participants: a) club/group activities, b) conversations with 
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friends/family, c) share opinion, and d) written/blog/text.  The same timeframe, 
frequency and rationale options from the previous section were used in this section.   
 For a third time, the survey utilized the repeated question series changing from 
health to science to technology.  Only a single question found a divergence from previous 
answers on the post-survey.  No questions were demonstrating a convergence around a 
response or a shift in themes from the pre-survey to the post-survey.  The RITSSE 
exposure was ineffective at demonstrating a change in attitudes regarding science 
learning given the small number of questions in this section of the analysis. 
Diverge – Reasons for communication information 
 The only question that demonstrated a divergence away from pre-survey 
responses was in reference to the frequency of writing about science-related topics.  The 
mode of those responses was at one extreme of the options scale at “not at all” and then 
spread to other more frequent options by 14.3%.   
Survey Subsection - Participant Interests 
 The description below communicates the more substantial outcomes of the survey 
questions regarding the interests that participants pursue during their time for school 
related activities. 
Overview 
 Participants were first asked in this section of the survey, why they chose to 
participate and the results from the pre-survey showed an even split between their desire 
to “help my teacher” and “it sounds interesting”.  On the post-surveys, the majority of 
answers shifted to participants “wanted to learn about it [using sport to help science 
learning]” by 50%.  For the questions from this section, health and technology questions 
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were once again included on the survey for subsequent analysis.  Five questions exhibited 
substantial changes, two shifted the mode to a new topic by an average change in 35.7% 
of the participant responses.  Two through a convergence toward the original mode by an 
average of 14.3%.  The last question showed a substantial change with divergence away 
from the original mode by an average of 14.3%. 
Converge – Participant interests 
 Two questions demonstrated changes that converged about the mode increasing 
the number of responses for those questions.  There was an increase in responses around 
what participants found interesting regarding a convergence around the topic of medicine.  
The other convergence was for the self-rating for learning ability which strengthened the 
number of participants answering “three or four”.   
Diverge – Participant interests 
 A divergence from the pre-survey to the post-survey came from the participants’ 
interest in learning science while in school with a response of “usually interested.” 
Shift – Participant interests 
 The two questions that exhibited a shift in the results between the pre-survey and 
the post-survey ranged from how respondents viewed others’ ratings of them as science 
people.  This question had a significant change in the number of responses shifting the 
mode from “2 or below average” to “3 or above average”.  When participants were asked 
to quantify their interest in learning science outside of school, they shifted from “usually” 
to “rarely”.   
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Survey Subsection - Future Plans 
 The subsection below describes the more substantial outcomes of the survey 
questions regarding the plans participants have envisioned for themselves beyond the 
conclusion of the case study. 
Overview 
 In this final section of the surveys, participants were asked to describe their future 
plans five or ten years from then.  Follow-up included questions about the possibility of 
entering a career field in science and if so which field, and the likelihood of a college 
major in science and if so what major.  An average of 17.9% of participant responses 
shifted the modal response for three of the questions in this final section of the survey’s 
analysis. 
Shift – Future plans 
 Three questions of the surveys exhibit a shift in data that was substantial.  All of 
the questions related to participants' vision of the various ways science might impact their 
futures.  Of the participants that had affirmed their plans for a science major, the pre-
survey dominated answer was “biology”. However, in post-surveys biology not only 
shared the mode with medicine but also zoology/veterinary sciences.   When participants 
answered yes to envisioning a career that uses science/technology, their responses shifted 
from using chemistry-related knowledge in a medical situation to encompassing a greater 
variety of medical uses, in particular, more respondents indicated medical-related tools.  
The other questions to shift the responses was a paired set of how they envisioned 
themselves becoming a scientist and for those that reply “yes”, in what field does their 
vision fall upon.  After the pre-survey the participant mode was “definitely no”, but later 
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participants changed their views and a majority responded “probably not”.  For the few 
that originally affirmed the question, the specific fields listed ended up as a tie between 
forensics and psychology but on the post-survey a new category, biology, appeared as the 
mode. 
Additional Specific Examples 
 When asked what participants envisioned themselves doing in five years’ time, 
more than 35% converged to their previous mode of “attending college”.  When 
participants previously answered that they projected majoring in a science or technology 
field and asked to identify what that might be, a divergence from biology to both zoology 
and medicine along with biology in a three-way tie for mode occurred after more than 
20% of participants provided responses on the post-survey.  The final question of the 
survey also showed a significant change as participants foresaw how they would use 
science or technology in their careers, more than 20% of responses shifted the pre-survey 
answer of “medical chemistry” to “medical tools”. 
Summary 
 Results from the data analyses addressing the first and second research questions 
will be briefly reviewed below. 
Science content understanding changes 
 The most striking results were those from each of the forty individual assessment 
items categorized into typical versus RITSSE lessons for every participant included and 
then analyzed with a t-test.  The data from Tables 4-7 show that the typical assessment 
means percentage scores increased from 46.36% to 68.17% which amounts to a 21.81% 
increase in percentages from pre-assessment to post-assessment.  The RITSSE 
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assessment means percentage scores also increased from 24.64% to 64.26% yielding a 
39.62% increase from pre- to post-test.  The standard deviations for the typical and 
RITSSE changes were 4.17% and 13.86% respectively.  The Cohen's d for the change set 
of data was determined to be 6.48.  With 30 degrees of freedom, the critical values for the 
p values were 2.75 with p at a 1% confidence level.  Since this research study indicates a 
much higher t value, the calculated p-value of less than 0.001 well exceeds the reliability 
standard of 5% for similar scientific studies to be accepted.  Therefore, the quantitative 
data analysis supports the hypothesis that participation in RITSSE activities has a greater 
positive effect on the learning of science than typical science lessons. 
Science attitude changes 
 Only 28 of the 54 science-related questions from the survey exhibited a moderate 
modal change by the results.  However, the majority of these questions that exhibit a 
change did so in the direction toward increased positive attitudes by an average 
percentage of 21.0% of the participants.  The second research question “Does active 
kinesthetic participation in RITSSE activities have an effect on attitudes toward learning 
science as measured by changes to themes between pre-unit and post-unit attitude surveys 
toward learning science?” cannot provide evidence for a change as significant as the first 
research question.  The results of the case study provided weak support for the hypothesis 
that RITSSE activities have a positive effect on the change in attitudes toward learning 
science.  The final chapter discusses the conclusions   drawn from the data presented in 
this chapter.  
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CHAPTER FIVE: CONCLUSIONS, INTERPRETATIONS AND 
RECOMMENDATIONS 
 A case study design was used to evaluate the effect of relevance-based curricula 
(RITSSE) on student achievement and attitudes toward science.  When teachers design 
their lesson plans, a wide variety of potential instructional strategies can be used to 
improve student understanding.  Under typical lesson plans designs, some students 
struggled to make connections between the content being presented and their real-world 
experience.  It was proposed that the relationship between sciences and sport reported by 
Yessis (1992) may be a bi-directional cause and effect.  That is, as Yessis purported, an 
academic understanding of certain science concepts may have enhanced the achievement 
in sports and vice versa.  This research provided evidence that utilizing participation in 
sport through RITSSE lessons served as an improvement of academic achievements in 
the sciences while also fostered a positive change in attitudes toward learning of science.       
Summary of Research 
The first independent variable was the type of instructional strategy (RITSSE 
versus traditional) and its corresponding dependent variable was the difference between 
science content knowledge pre-lesson and post-lesson assessment scores of the lesson.  
Quiz questions on the pre-lesson and post-lesson assessments were placed into either a 
RITSSE lesson activity category or a typical teaching methodology lesson activity 
category.  This allowed an informed analysis of the participant score changes based on 
each instructional methodology’s pre- and post-lesson assessment.  A t-test was used to 
determine if a significant difference existed between the changes of RITSSE related quiz 
items compared to typical methodology quiz items.  Additionally, the change in student’s 
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attitudes toward science was analyzed qualitatively.  The disequilibrium stimulus of the 
RITSSE lesson relevance beneficially served students with the opportunity to learn and 
provided a connection between science and the real world via sports participation 
activities.  Participant responses were examined for trends and descriptions of any trend 
were noted. 
Findings 
 A short description of the results for the first research question regarding changes 
in participant understanding was presented, followed by the second research question 
regarding changes in participant attitudes.  The population mode response changed in 
only fifty-two of the ninety-two questions between the pre-and post-surveys 
administrations.  It was concluded that the RITSSE methodology of integrating relevant 
sports activities: (1) had a strong effect on the increased science concept understanding 
compared to typical methodology, and (2) had a moderate positive change in attitudes 
toward science. 
Understanding changes 
A paired, two-tailed t-test was used for this analysis and yielded a rejection of the 
null hypothesis.  The findings suggested that the interplay between the disequilibrium 
through sport and the weighing of evidence presented in the lesson design was highly 
significant and indicated a difference between typical and RITSSE instructional 
methodologies.  The difference in pre-scores suggests that students may be the products 
of typical instructional methodologies as they were able to better connect the typical 
activities to their associated questions as demonstrated by more than 20% higher scores 
than the RITSSE pre-assessment questions.  As products of an educational system that 
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predominately used typical methodologies, the pre-lesson quizzes reflected the standard 
experience of participants.  The data set provided evidence for a greater improvement in 
knowledge scores on the post-lesson quizzes when the RITSSE instructional method was 
utilized rather than typical instructional methods.  The change in RITSSE scores was 
more than double that of the typical lesson designs.   
Granger’s (1994, p.1) model that held “learning can be facilitated by providing 
stimuli that enhance the effectiveness of the input mechanisms and that are congruent 
with the recording, filing, retrieval and processing mechanisms of the brain” was 
supported by this study’s findings that active sports participation qualifies as one of those 
mechanisms and the integration of sport into the experimental lessons provided enhanced 
effectiveness of learning.   
By front loading RITSSE lessons with relevant activities rather than with content, 
students were able to find greater value for “why they need to know this [science 
concept]” rather than slugging through multiple lessons in a traditional format and then 
finding relevance at the conclusion of the science unit.  The use of sport as the relevant 
activity engages students immediately in an applied use of the science concept that they 
are about to investigate.  This provided previous experiences for students to make 
connections with as novel science concepts are later presented.   
When students engaged in an activity before they learn the content it provides 
them with an example goal for which the desired science concept can be applied to use 
outside of the classroom or laboratory.  Instead of just learning something because it was 
in the curriculum students could grasp at some of the more insightful potential uses for 
the concept.  Similar ideas about inquiry learning were extensively used when the desire 
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for students to make their own connections rather than prejudicing them with 
explanations for concepts prior to their applications.  Traditional lessons that did not use 
inquiry designs lead to cookbook laboratories that students have become adept at 
providing the “right” answer through a formulaic process instead of thorough exploration 
and analysis of the evidence. 
The relevant content of sports provided connection for many of us.  Though we 
may not all been athletes or fans of all sports, most of us could find one sport that we 
were interested in viewing, following or perhaps even participating in.  Then through 
active participation, students began to learn the science concept by directly engagement 
in its use.  This active participation engaged more regions of the brain than traditional 
methodologies that derive primarily the uses of visual and auditory regions.  The RITSSE 
additionally employed various muscular motor regions that could also be integrated into 
the neural pathways established during the learning of the science concept for the lesson.  
There are several anecdotal examples observed during this study where students would 
stand up (with permission) in the middle of their post-lesson quiz to mimic the 
movements from the sport activity around the classroom perimeter before a return to their 
seat to complete their answer to the question. 
Attitude changes 
More than half of the survey questions demonstrated no significant degree of 
attitudinal changes from the beginning to its end based on the results of the pre-surveys 
and post-surveys for attitudes.  Only twenty-three out of 54 questions of the survey items 
exhibited a substantial change in attitude.  There was no apparent correlation pattern 
between those survey question items explaining why some changed and others did not.  
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There was little evidence for a connection between the survey questions that showed 
substantial changes and the instructional methodologies, since the changed responses to 
the topics varied.   Seven of the attitude survey questions showed verbatim responses that 
were coded for a common theme.  Content analysis was then applied to these sets of 
responses describing the common reasoning for the frequency of student information 
sources that were used in science classes.  Six of these seven responses showed a 
decrease in typical lesson sources of information but this might be more reflective of the 
students’ acknowledgements of less class-time being spent using typical methods of 
instruction as opposed to a decrease in those sources outside of class.  Five questions 
revolved around a theme of student perceptions toward learning.  Three of the five 
exhibited a positive perception change while the others showed a negative change.  
Another group theme was “future uses of science” which all demonstrated an increase in 
student plans for majors or careers in either biology or medicine.  All other questions 
showed substantial changes were isolated topics that did not have obvious connections to 
an instructional methodology or a unifying theme. 
During the five weeks in which the participants were engaged in the sports 
science unit, some changes in participants’ attitudes occur.  These were not as dramatic as 
the changes to participant science content.  This population of participants was perhaps 
not exposed to a long enough series of lessons to provide evidence of change to reach 
Posner’s threshold point for many of the attitudinal responses on the post-survey.   
As Granger (1994; 1995) proposed regarding neural synaptic loss, the less 
recently and frequently a neural connection transmits a signal, the easier it was for that 
connection to senesce.  His assertion was based on a longer time period than used in the 
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present study, such that any changes in attitude produced from the results must have been 
less stable in neurological pathways than those attitudes that did not change.  Barmby et 
al.  (2008) found through interviews with students, that changes in attitudes toward 
school science could be broken down to three main principles: (1) it was not practical, (2) 
it was not being well explained, and (3) it was not relevant. The RITSSE lesson design 
model attempts to address both principles one and three by using sport as both the 
disequilibrium event as well as the relevance theme for each lesson.  Based on this 
design, each lesson was designed to produce practical engagement opportunity for the 
student participants.  Both instructional methodologies were engineered to have the same 
degree of content and explanation time controlled and explained the second principle.   
Attitudes could be classified into a larger group of thoughts such as beliefs, while 
learned concepts that are understood could be placed in a larger group of knowledge.  
Beliefs tend to have greater access and reinforcements than knowledge through everyday 
interactions with the environment and with other people.  Green and Donahue (2011) 
experimented with readers and demonstrated that the topic manipulation by the 
experimenters for a story, shifted the readers’ beliefs from the control groups’ beliefs 
before they intervened in all conditions of their experiment.  From the existence of belief 
change occurrence, the story must have presented enough evidence to shift readers’ 
perspectives.  When Green and Donahue revealed to the readers that the story was written 
as deception, the readers’ new beliefs were not corrected.  Therefore, if attitudes were 
categorized into the belief category of thoughts, then they should have been more stable 
and more difficult to change or correct.  The process and length of time varies for each 
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student as everyone had a different organization of content information bytes and prior 
experiences supporting their neural constructs.   
This provided context for the smaller degree of attitudinal changes from 
participants than knowledge-based changes. To change an attitude or content 
understanding, the evidence must be provided in order to overturn the prior mental 
concepts according to Posner (1982).  If continued for a much longer time, then perhaps 
more opportunities to reach Posner’s threshold point of overwhelming evidence would 
been reachable.  Increased intervention time may have overcome past experiences that 
had led to negative attitudes and allowed students to accept positive experiences that 
would change attitudes to positive toward science.  But why were attitudes harder to 
change than knowledge?   
According to Vygotsky (1978, p.35) “Any learning a child encounters in school 
always has a previous history.”  The source of Vygotsky’s previous history stems from 
the individuals within the child’s zone of proximal influence providing preschool 
socializations.  These individuals begin with the child’s family members, their peers and 
several other sources of influence from the child’s personal community of interaction.  
The teachers that enter the child’s proximity were among the most recent additions and 
had limited temporal windows for providing help to guide the child.  Teachers needed a 
great deal of more time and evidence to change attitudes because a multitude of 
individuals have helped the child develop their belief system for years before the child 
first entering the teacher’s influence, especially that of high school teachers.  
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Limitations 
Applicability of the results to high school students in general was limited by the 
constraints of a case study research design that was implemented in an actual classroom 
environment with a relatively small sample.  This small sample was a sample of 
convenience and not random as intact classrooms were used from which stemmed the 
difference in demographics of the participant study population threatening applicability.  
Despite the limitations, the results showed promising support for the first proposed 
hypothesis wherein RITSSE participation when used as an extra layer of instructional 
methods, added to the typical methodologies had greater efficacy than typical 
instructional methods alone for students to learn science content.  Unfortunately, with the 
amount of data provided, while results from the t-test were statistically significant in the 
comparison of several categories of mean scores, the small sample size of participants 
limited the extension of these results to a general population of high school students.   
The required sample size was determined to be too small for the differences 
between the pre-and post-scores of the typical questions when entering the Table 5 data 
into the Dhand’s (2014) online statistics calculator.  For the given means and standard 
deviations provided by the data, the participants sampled in order to make a statement 
with appropriate power, confidence and significance should have been gathered from a 
sample-sized at thirty-three rather than sixteen participants.  As the sample size is smaller 
than this recommendation, results should be interpreted with caution. 
Links to Theoretical Framework 
 The foundation for the research design was a theoretical framework that unified 
the learning theories of Piaget (1926), Wittrock (1974), and Posner (1982).  McLeod’s 
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(2018) depiction of the three components of Piaget’s theory, Schema, Adaptation and 
Cognitive Development provided a historical perspective on some of the advances in 
learning theory over the last century.  Piaget’s original use for schema as a student’s 
interaction with a disequilibrium event has since been expanded to include concepts 
themselves.   
The sporting activities represented Piaget’s disequilibrium event for students to 
begin the lessons utilizing the RITSSE instructional methodology.  The sports events 
brought the relevance of the real world to the RITSSE science lesson.  Posner’s 
overwhelming evidence to change students’ understandings and attitudes was provided 
by the individual lesson activities.  The lesson designs for both typical and RITSSE 
instructional methodologies provided the opportunities for students to evaluate and weigh 
the evidence and to place their conclusions into their own cognitive structure.  As the 
lesson was completed, Wittrock’s re-orienting of the cognitive structure was 
demonstrated through the correctly answered post-assessment quiz questions.  The 
findings suggested that this interplay between the disequilibrium through sport and the 
students’ weighing of evidence presented in the lesson design was highly significant, 
showing a difference between typical and RITSSE instructional methodologies.   
Kaufman states, “The constructive experience from both Piagetian and 
Vygotskian perspectives creates opportunities for learners to engage in hands-on/minds-
on manipulation of raw data in quest of identifying new and increasingly complex 
patterns, acquisition of novel concepts and construction of new understandings'' 
(Kaufman, 2004, p. 305).  The result of this study adds support to the theoretical 
frameworks as stated by Kaufman. 
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Implications 
This research suggested that the intentional incorporation of relevancy to lesson 
design through a theme such as sport could motivate students to engage in learning 
lessons more deeply because the direct applications were more evident.  Apparently, this 
lead students to believe that the lessons were providing a richer level of learning for them 
than their typical lessons.  Attitude changes were less dramatic.  The RITSSE 
methodology provides a model for teachers to design lessons wherein by beginning a 
lesson with an engaging activity specifically designed to provide connection.  These 
applications of the target learning concept used in “everyday life of the real world”, the 
students established a stable foundation with that later concepts were then connected to.  
Purposeful lesson design from the teacher used the collection of topics sought to be 
interwoven with careful scaffolding between each topic and its relevance base.  The 
neural arrangement of concepts should have been accurately arranged with conceptual 
anchor points and the connections within firmly established with evidences from the 
variety of learning methodologies employed. 
The limitations of the RITSSE (Relevance Integration for Teaching Science using 
Sports Exploration) methodology to a high school anatomy and physiology course were 
not impossible to overcome.  The first “S” of RITSSE for science could be expanded to 
other science courses, such as biology, chemistry and physics quite easily depending on 
the creativity of the teacher.  The first S doesn’t even need to be an S, but can be an M for 
mathematics, H for history, LA for language arts again depending on the teacher’s 
creativity for finding relevance through the lens of sport.  The key is to provide students 
with an activity to front load relevant use of the desired content for them to learn during 
 
PARTICIPATION IN SPORT FOR ENHANCED SCIENCE INSTRUCTION  112 
 
that lesson.  The second S of sport doesn’t even need to be the platform for providing the 
relevance.  Again depending on the creativity of the teacher relevance activities can drive 
a lesson if not with sport then through, visual arts, music or literature. 
Future Research 
 During the development of this research, several additional research possibilities 
and concerns were considered. 
Deeper analyses between demographic subgroups is needed because some 
students brought additional science experiences into their background knowledge sets 
beyond the required curriculum.  Some of these additional science experiences are extra-
curricular events that cannot be carefully standardized in a public school setting, whereas 
other experiences are additional science coursework such as Advanced Placement (AP) 
courses sponsored by College Board or Project Lead the Way (PLTW).  In addition, the 
seniors participating in the study that have previously enrolled or are concurrently 
enrolled in other science electives such as Advanced Placement (AP) courses for any of 
the three major fields may have increased scores not based on the intervention.     
Previous athletics exposure should not have swayed the results of the first 
question, however, athletes’ attitudes toward health and wellness could have skewed 
scores on the second research question.  Therefore, their results may have resulted in a 
higher positive attitude for health and wellness than the subset of non-athletes would 
exhibit alone.  In future research students also participating in any form of athletic 
program may require the creation of a separate subgroup for the data sets to determine if 
athletes’ attitude skew the sample population’s data.   
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Adjustments to the case study design could take the form of repeating the case 
study while using a larger participant sample size with greater representation for all 
genders would be more reflective of the school demographics.  This could yield results 
that are more supportive of applicability to other school populations. 
A future research study might include the conducting a study similar in design but 
with the substitution of the form of relevance using another avenue for motivation such as 
music, art, history, literature or mathematics instead of sport. 
Importance of the Findings to Pedagogy 
The findings of this case study were important to the educational profession as the 
RITSSE methodologies showed strong support for the first research question, “Does 
participation in RITSSE activities have an effect on the learning of science for high 
school anatomy and physiology students compared to typical science lessons without 
kinesthetic activities as measured by the change in scores between pre-lesson and post-
lesson science content assessment quizzes?”.  The changes in scores from pre-lesson quiz 
to post-lesson quiz scores on the RITSSE methodology were more than double the 
changes found for typical methodologies.     
The RITSSE approach had a statistically significant difference in learning 
outcome as compared to the traditional approach to lesson design.  This indicates that 
students’ learning outcomes improved due to the use of relevance generating activities 
prior to the instruction of abstract concepts of science.  By exposure of students to the 
sports lesson experiences initially and then building from those experiences as a 
foundation, students made connections in context with the real world sports activities and 
the science lesson topics they were seeking to understand. 
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A case study was conducted to test the disequilibrium events (Piaget, 1936) of 
sports participation, the recognition and evaluation of relevance schema based on the 
theoretical framework of Conceptual Change Theory of Posner (1982) and the 
recalibration of the schema into arrangements accepted by the scientific collections 
according to the Generative Learning Theory of Wittrock (1974).     
The changes in attitude that were demonstrated were not as prevalent as changes 
in learning the concepts.  The reason for this could be related to differences in knowledge 
and belief.  To change all of the tested attitudes could take a potentially longer time than 
this study allowed or may have required more experiences and evidence to convert from 
preconceived attitudes than was provided with eight independent lessons.  Apparently, 
attitudes and opinions generally have greater acceptance variability from one person to 
another.  However, there appears to have been ample time and evidence to increase 
understandings of science content.  Perhaps, teachers need less time and or evidence to 
enhance factual knowledge and more time is needed to change attitudes or beliefs that 
may have been ingrained over extended periods and multiple sources.    
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APPENDICES 
Appendix A – Tables 
Table A1 
Quiz Question Summary and Rubric – Typical (T) / RITSSE (R) 
   Mean (%)  
Number Question Summary T/R Pre Post Question Rubric 
1  Which is the most 
common cause of 
injuries to be aware of 
when beginning a new 
exercise program? 
T 12.50 37.50 moderate volume and 
intensity 
2 Choose all of the 
practices that will 
reduce your chances of 
getting injured. 
T 18.75 42.19 sleep, stretching, 
strengthening & safety 
3 What is often the most 
effective hydration 
test? 
T 93.75 100.00 color of urine 
4 What are the prescribed 
components of warm-
up in an effective 
injury prevention 
program? 
T 39.06 59.38 range of motion preparation 
of articulations, increased 
temperature, dynamic 
stretching & greater blood 
flow 
5 What are the prescribed 
components of cool-
down in an effective 
injury prevention 
program? 
T 23.44 42.19 gradual temperature 
normalizing, simple sugar 
replenishment, homeostatic 
balancing of blood flow & 
static stretching 
6 How can you 
categorize the most 
frequent injuries? 
T 100.00 81.25 excessive impact forces to 
skeletal tissue, excessive 
impact forces to muscular 
tissue and overuse of 
skeletal / muscular tissue 
7 What benefits are there 
to using RISE as a 
treatment for muscle 
strain injuries as 
T 92.97 96.09 increased pressure aids 
circulation; decreasing 
temperature constricts blood 
vessels; stopping activity 
 
PARTICIPATION IN SPORT FOR ENHANCED SCIENCE INSTRUCTION  127 
 
compared to the 
benefits to using 
MOVE? 
allows body to focus on 
healing; gravity can draw 
out toxins if injury is held 
above heart 
8 What benefits are there 
to using MOVE as a 
treatment for tendon 
sprain injuries as 
compared to the 
benefits of using RISE?  
T 87.50 93.75 drills for strength, balance 
and agility; alternative 
training techniques allow 
for little fitness loss; a range 
of motion maintained; slow 
resumption to full activity 
provides psychological gain 
9 Match the effect water 
immersion therapy has 
on workout recovery be 
specific on how water 
temperature plays a 
role if any? 
T 73.44 92.19 Hot Water = increases tissue 
flexibility; Cold Water = 
decreases inflammation; 
Room Temperature Water = 
pressure increases support 
circulation; No Water = no 
effect 
10 Match each test 
category with a 
rationale for an injured 
brain in possible 
concussion cases. 
T 33.75 55.00 Concentration = cognitive 
screening; Balance = 
neurological screening; 
Personal History = athlete 
background; Memory = 
delayed recall; 
Synchronization = symptom 
evaluation 
15 What kind of injury 
would a supinating 
runner most likely be at 
risk of? 
T 31.25 100.00 sprain of lateral ligaments of 
the ankle 
16 Which type of football 
player would be the 
hardest to completely 
stop their momentum 
in a tackle? 
T 100.00 100.00 a fast and big player 
17 Which player 
combination will have 
the greatest momentum 
difference? 
T 56.25 93.75 slow & small vs. fast & big 
18 Which physical trait is 
most desirable for a 
T 43.75 100.00 body mass 
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football player 
attempting to stop 
another with a tackle? 
22 How long does it take 
for the average pitch 
(almost 92 mph) to 
reach home plate? 
T 31.25 68.75 less than 0.5 seconds 
23 What is the MOST 
important physical trait 
for a batter to possess? 
T 68.75 75.00 sharp eyes 
25 Which physical traits 
for a batter are most 
beneficial to inherit? 
T 12.50 50.00 visual clarity 
26 Why is flexibility 
desired when an 
opposing force is 
applied to a 
biomechanical lever? 
T 0.00 16.67 protection against 
hyperextension of muscles 
and tendons 
27 What is the 
recommended set of 
parameters to 
maximize the benefits 
of static stretching 
programs?  
T 18.75 39.58 hold at tension point for 15 - 
20 seconds; repeat cycle 3 
times; reaching beyond 
initial tension point 
29 What is the 
recommended set of 
parameters to 
maximize the benefits 
of dynamic stretching 
programs?  
T 29.17 39.58 hold at tension point for 2 
seconds relax; repeat cycle 
10 - 20 times;  maintaining 
same position every cycle 
36 What forces act on 
objects beginning 
projectile motion? 
T 6.25 31.25 acceleration of gravity is 
constant 
37 What are the classic 
assumption(s) that can 
be made when 
analyzing projectile 
motion? 
T 45.83 29.17 gravity, air resistance & 
Earth’s inertia can all be 
ignored 
38 Which jumper will T 43.75 93.75 cheerleader supported on a 
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experience the greatest 
pressures as they land? 
single hand 
39 What happens to the 
forces on the body as it 
is impacted by normal 
sports activities? 
T 50.00 100.00 transmitted through body 
tissues 
      
11 Describe what is 
occurring during the 
momentary flight time 
of a runner's stride. 
R 2.08 33.33 back leg is laughing body 
forward while lead leg is 
preparing to absorb impact 
forces of landing and arm 
swing and body trunk 
maintain balance 
12 What key features 
would demonstrate 
efficient upper body 
form while running? 
R 20.31 70.31 spine relaxed and vertically 
aligned, arm swing within a 
sagittal plane, arm 
synchronized with leg of the 
opposite side of the body & 
Elbow angle with +/- 5 
degrees of 90 
13 How does the rotation 
of the upper body when 
running affect the 
overall energy 
economy? 
R 37.50 100.00 decreases economy through 
angular momentum shifting 
from forwarding motion 
14 Match the foot-strike 
pattern with the 
scenario it is best suited 
for.  
R 62.50 96.43 Heel Strike: decelerating & 
downhill running; Midfoot 
Strike: maintaining constant 
speed, running on level 
surfaces and changing 
directions rapidly / sharply 
turning; Forefoot Strike: 
accelerating and uphill 
running 
19 Which physical trait is 
most desirable for a 
football player 
attempting to avoid 
another attempting to 
tackle? 
R 18.75 31.25 leg speed 
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20 Which physical trait is 
most accessible for 
anyone playing 
attempting to avoid 
another attempting to 
tackle? 
R 37.50 62.50 lateral agility 
21 How do baseball 
batters identify an 
incoming pitch? 
R 9.38 46.88 visual analysis of pattern 
production of red stitching 
24 Which physical traits 
for a batter are most 
beneficial to train? 
R 18.75 50.00 visual pattern recognition 
28 When using our 
primary muscle groups 
(biceps, triceps, 
quadriceps and 
hamstrings) for any 
sport, which category 
of the lever would they 
be classified as? 
R 18.75 93.75 3rd Class 
30 Which effect will 
increase mechanical 
advantage most when 
applying a constant 
force but changing the 
lever length? 
R 37.50 56.25 increased effort arm length 
31 When you follow 
through during a 
basketball free throw 
shot, what is the MOST 
important motion to 
execute? 
R 31.25 62.50 wrist flexion 
32 Where do MOST 
basketball players 
mentally place their 
visual target when 
aiming their shots? 
R 6.25 81.25 net hook on the back of the 
rim 
33 What angle from the 
shooter's hand to the 
rim has the best scoring 
chance? 
R 62.50 75.00 45 degrees 
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34 Describe the correct 
arm position during a 
standard free throw. 
R 0.00 0.00 elbow below ball with arms 
flexed 




R 18.75 68.75 shooting toes in front of and 
parallel to non-shooting side 
foot 
40 What is the pressure 
exerted as Mr. Roades 
places his entire 140 
lbs. frame on a single 
foot when climbing the 
stairs?  His foot has an 
area of 45.5 square 
inches. 
R 12.50 100.00 30 psi 
 
Table A2 
Pilot Study Inter-Rater Calculation of Percent Agreement                                           .    
 Expert Panel Agreement Data 
Rubric Measures Rater A Rater B Rater C Difference Overall 
Kappa 
Initial Training Qt1 1 1 1 1  
Qt2 1 0 0 0  
Qt3 0 0 0 1  
Qt4 0 0 1 0  
Qt5 1 0 0 0  
Qt6 0 0 1 0  
Qt7 0 1 0 0  
Qt8 1 0 1 0  
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Qt9 0 1 0 0  
Qt10 0 0 1 0  
Qt11 0 1 1 0  
Qt12 1 1 1 1  
Qt13 0 0 0 1  
Qt14 0 1 0 0  
Qt15 0 0 1 0  
Qt16 0 0 0 1  
Qt17 0 0 0 1  
Qt18 1 0 1 0  
Qt19 1 1 0 0  
Qt20 1 0 0 0  
Qt21 1 0 0 0  
Qt22 0 1 0 0  
Qt23 1 1 1 1  
Qt24 1 1 1 1  
Qt25 0 0 0 1  
Qt26 0 0 1 0  
Qt27 0 0 1 0  
Qt28 0 1 0 0  
Qt29 0 0 1 0  
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Qt30 1 1 0 0  
Qt31 0 0 0 1  
Qt32 0 1 0 0  
Qt33 1 1 1 1  
Qt34 1 1 1 1  
Qt35 1 0 0 0  
Qt36 1 0 1 0  
Qt37 0 0 0 1  
Qt38 0 0 1 0  
Qt39 0 1 1 0  
Qt40 0 1 0 0  
Qt41 0 1 0 0  
Qt42 1 1 1 1  
Qt43 1 0 1 0  
Qt44 0 0 1 0  
Qt45 1 0 1 0  
Qt46 1 1 0 0  
Qt47 1 0 0 0  
Qt48 1 1 1 1  
Qt49 0 1 0 0  
Qt50 0 0 0 1  
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1Ql 0 1 1 0  
2Ql 0 0 1 0  
3Ql 1 0 0 0  
4Ql 1 0 0 0  
5Ql 0 1 0 0  
6Ql 1 1 1 1  
7Ql 1 0 0 0  
8Ql 0 1 1 0  
9Ql 0 0 1 0  
10Ql 1 0 1 0  
11Ql 0 0 1 0  
12Ql 0 0 0 1  
13Ql 0 0 0 1  
14Ql 0 1 0 0  
15Ql 1 0 0 0  
16Ql 1 0 0 0  
17Ql 0 1 1 0  
18Ql 1 1 1 1  
19Ql 0 1 0 0  
20Ql 1 0 1 0  
21Ql 0 1 0 0  
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22Ql 0 0 1 0  
23Ql 1 0 0 0 0.274 
First Pre Qt1 0 0 1 0  
Qt2 1 1 0 0  
Qt3 1 1 0 0  
Qt4 1 0 0 0  
Qt5 0 1 1 0  
Qt6 1 1 1 1  
Qt7 0 0 1 0  
Qt8 1 0 1 0  
Qt9 1 1 0 0  
Qt10 1 0 0 0  
Qt11 0 1 1 0  
Qt12 0 0 1 0  
Qt13 0 1 0 0  
Qt14 0 1 0 0  
Qt15 1 0 1 0  
Qt16 1 1 1 1  
Qt17 1 1 0 0  
Qt18 0 1 1 0  
Qt19 0 0 1 0  
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Qt20 0 0 1 0  
Qt21 1 0 0 0  
Qt22 0 1 0 0  
Qt23 1 0 0 0  
Qt24 1 1 1 1  
Qt25 1 0 1 0  
Qt26 1 1 1 1  
Qt27 1 0 0 0  
Qt28 0 0 1 0  
Qt29 0 1 1 0  
Qt30 0 1 0 0  
Qt31 1 1 0 0  
Qt32 0 1 0 0  
Qt33 1 0 0 0  
Qt34 1 0 1 0  
Qt35 1 1 1 1  
Qt36 0 0 0 1  
Qt37 0 0 0 1  
Qt38 1 1 1 1  
Qt39 0 0 1 0  
Qt40 0 1 0 0  
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Qt41 1 0 1 0  
Qt42 0 0 1 0  
Qt43 1 0 0 0  
Qt44 1 1 1 1  
Qt45 1 1 0 0  
Qt46 1 1 1 1  
Qt47 1 0 0 0  
Qt48 1 0 1 0  
Qt49 0 0 1 0  
Qt50 1 1 1 1  
1Ql 1 1 1 1  
2Ql 0 1 0 0  
3Ql 1 1 1 1  
4Ql 0 0 0 1  
5Ql 0 1 0 0  
6Ql 1 1 1 1  
7Ql 0 0 1 0  
8Ql 0 0 0 1  
9Ql 0 1 1 0  
10Ql 0 0 0 1  
11Ql 1 1 0 0  
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12Ql 1 0 0 0  
13Ql 1 0 1 0  
14Ql 0 0 0 1  
15Ql 0 0 0 1  
16Ql 1 1 1 1  
17Ql 1 0 1 0  
18Ql 0 0 1 0  
19Ql 0 0 0 1  
20Ql 0 1 0 0  
21Ql 0 1 0 0  
22Ql 0 0 0 1  
23Ql 1 1 1 1 0.315 
First Post Qt1 0 0 1 0  
Qt2 0 0 0 1  
Qt3 1 1 1 1  
Qt4 1 0 1 0  
Qt5 0 1 0 0  
Qt6 1 0 0 0  
Qt7 0 1 1 0  
Qt8 0 0 0 1  
Qt9 0 1 0 0  
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Qt10 1 1 1 1  
Qt11 0 1 0 0  
Qt12 1 0 1 0  
Qt13 0 1 0 0  
Qt14 1 1 1 1  
Qt15 0 0 0 1  
Qt16 0 0 0 1  
Qt17 0 0 1 0  
Qt18 1 1 1 1  
Qt19 1 0 0 0  
Qt20 1 1 0 0  
Qt21 0 0 0 1  
Qt22 0 1 0 0  
Qt23 1 1 1 1  
Qt24 0 0 0 1  
Qt25 0 0 1 0  
Qt26 0 0 0 1  
Qt27 0 0 1 0  
Qt28 0 0 0 1  
Qt29 1 0 1 0  
Qt30 1 1 1 1  
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Qt31 1 1 1 1  
Qt32 0 0 0 1  
Qt33 1 1 0 0  
Qt34 1 0 0 0  
Qt35 1 1 1 1  
Qt36 0 1 1 0  
Qt37 0 0 1 0  
Qt38 1 1 1 1  
Qt39 0 1 0 0  
Qt40 1 0 0 0  
Qt41 0 0 0 1  
Qt42 1 0 0 0  
Qt43 0 0 0 1  
Qt44 0 1 1 0  
Qt45 0 0 0 1  
Qt46 1 1 1 1  
Qt47 0 0 0 1  
Qt48 0 0 1 0  
Qt49 1 0 0 0  
Qt50 1 1 1 1  
1Ql 1 0 0 0  
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2Ql 0 0 0 1  
3Ql 0 0 0 1  
4Ql 1 1 1 1  
5Ql 1 1 0 0  
6Ql 0 0 0 1  
7Ql 1 1 1 1  
8Ql 0 0 1 1  
9Ql 0 0 0 0  
10Ql 1 1 1 1  
11Ql 0 0 0 1  
12Ql 0 0 1 0  
13Ql 0 1 1 0  
14Ql 1 1 1 1  
15Ql 0 0 0 1  
16Ql 0 0 0 1  
17Ql 1 1 1 1  
18Ql 0 1 0 0  
19Ql 0 0 0 1  
20Ql 1 1 1 1  
21Ql 1 0 1 0  
22Ql 0 0 0 1  
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23Ql 1 0 0 0  
24Ql 1 1 1 1  
25Ql 0 0 0 1  
26Ql 0 0 0 1 0.553 
Re-Training Qt1 1 1 1 1  
Qt2 0 1 1 0  
Qt3 1 1 1 1  
Qt4 1 1 1 1  
Qt5 0 0 0 1  
Qt6 1 1 1 1  
Qt7 1 1 1 1  
Qt8 0 1 0 0  
Qt9 1 1 1 1  
Qt10 1 1 0 0  
Qt11 1 1 1 1  
Qt12 1 1 1 1  
Qt13 1 1 1 1  
Qt14 1 1 1 1  
Qt15 1 1 1 1  
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Qt16 0 0 0 1  
Qt17 1 0 0 0  
Qt18 0 0 0 1  
Qt19 0 1 1 0  
Qt20 1 1 1 1  
Qt21 1 1 1 1  
Qt22 0 0 1 1  
Qt23 1 1 1 1  
Qt24 1 1 1 1  
Qt25 1 0 0 0  
Qt26 1 1 0 0  
Qt27 0 1 0 0  
Qt28 1 1 1 1  
Qt29 1 1 1 1  
Qt30 1 1 1 1  
Qt31 0 0 1 0  
Qt32 1 1 1 1  
Qt33 0 0 1 0  
Qt34 1 1 1 1  
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Qt35 0 0 0 1  
Qt36 1 1 1 1  
Qt37 1 1 1 1  
Qt38 0 1 0 0  
Qt39 0 0 0 1  
Qt40 0 1 0 0  
Qt41 1 0 0 0  
Qt42 1 1 1 1  
Qt43 1 1 1 1  
Qt44 1 1 1 1  
Qt45 1 0 0 1  
Qt46 1 1 1 1  
Qt47 1 1 1 1  
Qt48 1 0 0 0  
Qt49 1 1 1 1  
Qt50 1 1 1 1  
1Ql 1 1 1 1  
2Ql 1 1 1 1  
3Ql 1 0 1 0  
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4Ql 0 0 0 1  
5Ql 0 1 0 0  
6Ql 1 1 1 1  
7Ql 1 1 1 1  
8Ql 1 1 1 1  
9Ql 1 1 0 0  
10Ql 1 1 1 1  
11Ql 1 1 1 1  
12Ql 1 1 1 1  
13Ql 1 1 1 1  
14Ql 0 1 1 0  
15Ql 1 1 1 1  
16Ql 0 0 0 1  
17Ql 1 1 1 1  
18Ql 1 1 1 1  
19Ql 0 0 0 1  
20Ql 1 1 1 1  
21Ql 0 0 1 0  
22Ql 1 1 1 1  
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23Ql 1 1 1 1 0.740 
Second Pre Qt1 1 1 1 1  
Qt2 1 1 1 1  
Qt3 0 1 1 1  
Qt4 1 1 1 1  
Qt5 0 0 0 1  
Qt6 1 0 1 0  
Qt7 1 0 0 0  
Qt8 1 1 0 0  
Qt9 1 1 1 1  
Qt10 0 0 0 1  
Qt11 0 0 0 1  
Qt12 1 1 1 1  
Qt13 1 1 1 1  
Qt14 0 1 0 0  
Qt15 1 1 1 1  
Qt16 1 1 1 1  
Qt17 1 1 1 1  
Qt18 0 0 0 1  
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Qt19 1 1 1 1  
Qt20 1 0 0 0  
Qt21 1 1 1 1  
Qt22 1 0 1 0  
Qt23 1 1 1 1  
Qt24 1 1 1 1  
Qt25 1 1 1 1  
Qt26 1 1 1 1  
Qt27 0 0 0 1  
Qt28 0 0 0 1  
Qt29 1 1 1 1  
Qt30 1 1 1 1  
Qt31 0 0 0 1  
Qt32 1 1 1 1  
Qt33 0 0 1 1  
Qt34 1 0 1 0  
Qt35 1 1 1 1  
Qt36 1 1 1 1  
Qt37 1 1 1 1  
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Qt38 0 0 0 1  
Qt39 1 1 1 1  
Qt40 1 1 1 1  
Qt41 1 1 1 1  
Qt42 0 0 1 0  
Qt43 1 1 1 1  
Qt44 1 1 1 1  
Qt45 0 1 0 1  
Qt46 1 1 1 1  
Qt47 1 1 1 1  
Qt48 1 1 1 1  
Qt49 0 1 0 0  
Qt50 1 1 1 1  
1Ql 1 1 1 1  
2Ql 1 1 0 0  
3Ql 1 1 1 1  
4Ql 0 0 0 1  
5Ql 1 1 1 1  
6Ql 1 1 1 1  
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7Ql 1 1 1 1  
8Ql 1 0 0 0  
9Ql 1 1 1 1  
10Ql 1 1 1 1  
11Ql 1 1 1 1  
12Ql 0 0 0 1  
13Ql 1 1 1 1  
14Ql 0 0 1 0  
15Ql 0 0 0 1  
16Ql 1 1 1 1  
17Ql 0 0 0 1  
18Ql 1 1 1 1  
19Ql 0 1 1 0  
20Ql 1 1 1 1  
21Ql 1 1 1 1  
22Ql 1 1 1 1  
23Ql 1 1 1 1 0.863 
Second Post Qt1 0 1 0 0  
Qt2 1 1 1 1  
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Qt3 1 1 1 1  
Qt4 0 1 0 1  
Qt5 1 1 1 1  
Qt6 1 1 1 1  
Qt7 0 0 1 0  
Qt8 1 1 1 1  
Qt9 1 1 1 1  
Qt10 0 0 0 1  
Qt11 1 1 1 1  
Qt12 1 0 1 0  
Qt13 1 1 1 1  
Qt14 1 1 1 1  
Qt15 1 1 1 1  
Qt16 1 1 0 0  
Qt17 1 1 1 1  
Qt18 0 0 0 1  
Qt19 1 1 1 1  
Qt20 0 0 0 1  
Qt21 1 1 1 1  
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Qt22 1 1 1 1  
Qt23 0 0 0 1  
Qt24 1 1 1 1  
Qt25 1 0 0 0  
Qt26 1 1 1 1  
Qt27 0 0 0 1  
Qt28 0 0 0 1  
Qt29 1 1 1 1  
Qt30 1 1 1 1  
Qt31 0 0 0 1  
Qt32 1 0 1 0  
Qt33 0 0 0 1  
Qt34 1 1 1 1  
Qt35 1 1 1 1  
Qt36 0 0 0 1  
Qt37 1 1 1 1  
Qt38 1 1 1 1  
Qt39 0 0 0 1  
Qt40 0 0 1 0  
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Qt41 1 1 1 1  
Qt42 1 1 1 1  
Qt43 0 0 0 1  
Qt44 1 1 1 1  
Qt45 0 0 0 1  
Qt46 0 1 0 0  
Qt47 0 0 0 1  
Qt48 1 1 1 1  
Qt49 1 1 1 1  
Qt50 0 0 0 1  
1Ql 1 1 1 1  
2Ql 0 0 0 1  
3Ql 0 0 1 0  
4Ql 1 1 1 1  
5Ql 1 1 1 1  
6Ql 1 1 1 1  
7Ql 1 1 1 1  
8Ql 1 0 0 0  
9Ql 1 1 1 1  
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10Ql 1 1 0 0  
11Ql 1 1 1 1  
12Ql 0 0 0 1  
13Ql 1 1 1 1  
14Ql 1 1 1 1  
15Ql 1 1 0 0  
16Ql 0 0 0 1  
17Ql 1 1 1 1  
18Ql 1 1 1 1  
19Ql 0 1 1 0  
20Ql 1 1 1 1  
21Ql 1 0 0 0  
22Ql 1 1 1 1  
23Ql 0 0 0 1  
24Ql 1 1 1 1  
25Ql 0 0 0 1  
26Ql 0 0 1 0 0.803 
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Table A3 
Interpretation of Cohen’s Kappa                                                                                       . 
 Expert Panel Agreement Data 
Kappa Value Range Level of Agreement % of Reliable Data 
0.20 or below None 0 – 4% 
0.21 – 0.39 Minimal 5 – 15% 
0.40 – 0.59 Weak 16 – 35% 
0.60 – 0.79 Moderate 36 – 64% 
0.80 – 0.94 Strong 65 – 80% 
0.95 or above Nearly Unified 81% - 100 
 
Table A4 
Survey Question Summary                                                                                                                       . 









Activities      




to-face Shift (21.43%) 
10 the activity 
of healthy 
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11 importance 
of health 3 3 
converge 
upon (+14.29%) 
12a health info 
sources, 
teacher rarely a little Shift (+ 35.72%) 
12b family / 
friend a lot a little Shift (+57.15%) 
12c 










media a lot Majority Shift (+28.57%) 
12f 




mass media rarely Rarely 
converge 
upon (+14.29%) 





related homeostasis Shift (+42.86%) 
14 
importance 




15a science info 
sources, 
teacher majority Majority 
diverge 
from (-21.43%) 
15b family / 
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15f 




mass media rarely Rarely 
diverge 
from (-21.43%) 
16 activity of 
tech 









18a tech info 
sources, 





















media majority Majority Shift (+14.29%) 
18f press media rarely Rarely Shift (+21.43%) 
18g mass 





Information      
19 frequency of 
reading 
health book not at all Once Shift (+14.29%) 
20 
reasons for 
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23 frequency of 
reading tech 
book not at all not at all 
converge 
upon (+14.29%) 
24 reasons for 
previous assignment Fun Shift (+14.29%) 
25 freq read 
mag / gaz 
health not at all not at all 
converge 
upon (+14.29%) 
26 reasons for 
previous Fun Fun 
converge 
upon (+14.29%) 
27 freq read 
mag / gaz 




28 reasons for 
previous Fun Fun 
converge 
upon (+14.29%) 
29 freq read 
mag / gaz 










31 freq watch 
show / film 
health 
not at all, once 









33 freq watch 
show / film 
sci once and weekly Weekly Shift stagnant 
34 reasons for Fun Fun no stagnant 
 




35 freq watch 
show / film 




36 reasons for 





























41 freq visit 
web tech not at all once Shift (+14.29%) 
42 
reasons for 






Information      
43 freq club 
health not at all once Shift (+14.29%) 
44 
reasons for 









46 reasons for assignment assignment no stagnant 
 










48 reasons for 
previous assignment Fun Shift (+21.43%) 
49 freq 
converse 
fam / frnd 
health Once monthly Shift (+35.71%) 
50 reasons for 
previous wanted to learn made decision Shift (+28.57%) 
51 freq 
converse 
fam / frnd 












fam / frnd 
tech not at all once Shift (+14.29%) 
54 reasons for 
previous Fun Fun 
converge 
upon (+14.29%) 
55 freq provide 
opinion 




56 reasons for 
previous made decision Fun Shift (+14.29%) 
57 
freq provide 



















60 reasons for 















63 freq write 


























interest and help 























































































interested Shift stagnant 
80 aspect of 
health, sci 
and tech 









82 other rate 
sci 2 3 Shift (+14.29%) 
83 other rate 
tech 3 2 Shift stagnant 
84 self-rate 
health 














knowledge 2, 3, 4 and 5 3 and 4 
converge 
upon (+14.29%) 
Future Interests      
87 5 year 















90 if y, what 
field nursing nursing 
converge 
upon (+14.29%) 
91 vision sci 
career definitely not probably not Shift (+14.29%) 
92 if y, what 
field 
forensics and 
psych Bio Shift (+14.29%) 
93 
vision 





if y, what 





vision tech / 




96 if y, what 
major Bio 
bio, zoo and 
med Shift (-21.43%) 
97 vision 
pursue 




98 if y, how so exercise Exercise no (+7.14%) 
 





vision sci / 




100 if y, how so medical chem medical tools Shift (+21.43%) 
 
Table A5 
Summary of Changes for Each Assessment Item 
Item Typical (T) / 
RITSSE (R) 








T 1 12.5 37.5 25.0 
2 T 4 18.8 42.2 23.4 
3 T 1 93.8 100.0 6.2 
4 T 4 39.1 59.4 20.3 
5 T 4 23.4 42.2 18.8 
Injury 
Treatment 6 
T 1 100.0 81.3 -18.8 
7 T 8 93.0 96.1 3.1 
8 T 8 87.5 93.8 6.3 
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9 T 4 73.4 92.2 18.8 
10 T 5 33.8 55.0 21.2 
Cross 
Country 11 
R 3 2.1 33.3 31.2 
12 R 4 20.3 70.3 50.0 
13 R 1 37.5 100.0 62.5 
14 R 7 62.5 96.4 33.9 
15 T 1 31.3 100.0 68.7 
Football 16 T 1 100.0 100.0 0.0 
17 T 1 56.3 93.8 37.5 
18 T 1 43.8 100.0 56.2 
19 R 1 18.8 31.3 12.5 
20 R 1 37.5 62.5 25.0 
Baseball 21 R 2 9.4 46.9 37.5 
22 T 1 31.3 68.8 37.5 
23 T 1 68.8 75.0 6.2 
24 R 1 18.8 50.0 31.2 
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25 T 1 12.5 50.0 37.5 
Wrestling 
26 
T 3 0.0 16.7 16.7 
27 T 3 18.8 39.6 20.8 
28 R 1 18.8 93.8 75.0 
29 T 3 29.2 39.6 10.4 
30 R 1 37.5 56.3 18.8 
Basketball 
31 
R 1 31.3 62.5 31.2 
32 R 1 6.3 81.3 75.0 
33 R 1 62.5 75.0 12.5 
34 R 1 0.0 0.0 0.0 
35 R 1 18.8 68.8 50.0 
Track and 
Field 36 
T 1 6.3 31.3 26.0 
37 T 3 45.8 29.2 -16.6 
38 T 1 43.8 93.8 50.0 
39 T 1 50.0 100.0 50.0 
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40 R 1 12.5 100.0 87.5 
 
Table A6 

























Technology Tech and face-
to-face 






















Divergence +18.8% → 
research 
67 Why did 
you 
participat




















87 Where do 
you see 
yourself 






















Biology Shift +12.5% 















98 If yes, 
how 
would 
you  go 
about 
doing so 
















PARTICIPATION IN SPORT FOR ENHANCED SCIENCE INSTRUCTION  168 
 
Appendix B – IRB Forms 
 
Consent Forms 
Department of Education Preparation & Leadership 
One Wildcat Way 
Hazelwood, Missouri 63042 
Telephone:  314-953-8210 
E-mail: eroades@hazelwoodschools.org 
Informed Consent for Child Participation in Research Activities 
Participation in Sporting Activities as a Mechanism for Enhancing Science Instruction 
 
Participant _______________________________HSC Approval Number ___________________ 
Principal Investigator __Erin M. Roades_________PI’s Phone Number   ____(314) xxx – xxxx____ 
 
1. Your child is invited to participate in a research study conducted by Erin M. Roades and under 
the review of Dr. Kathleen Haywood with the University of Missouri - St. Louis. The purpose 
of this research is to determine the possible benefit to learning science that participation in 
sports is proposed to enhance.  Students will participate in activities associated with a specific 
sport during individual sessions and then use that experience to improve their understanding 
of a science topic directly related to that sport. 
 
2.  a) Your child’s participation will involve students initially take a survey to determine their 
attitudes toward the learning of science and healthy lifestyles.  In addition, to survey 
responses, we are seeking permission to use your child’s (anonymous) test scores from the 
normal curriculum of the course.  Each of the lessons is from the normal curriculum, but new 
pretests and posttests have been devised to assess student growth.  Students will begin with 
a brief pre-test to determine their level of knowledge before exposure to the instructional 
design.  After this, pre-test students will be randomly divided into groups to receive different 
instructional designs for the same lesson topic.  The first group will receive the traditional 
style of lesson lecture and lab.  The second group will receive an alternative lesson which will 
first begin with the participation of students in a sport-related drill or game and then followed 
with an abbreviated lesson of the same topic designed to specifically integrate the sport with 
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the science content to be learned.  Both groups will then conclude the lesson with a brief 
post-test to determine any change in student knowledge due to their participation in their 
respective groups.  During the next lesson, groups will be reversed in order for students to 
have the opportunity to participate in each aspect of the study and increase equability and 
decrease bias throughout the study.  These lessons will be repeated through the length of the 
study each with a different sport and science topic.  All pre-and post-tests have been used in 
previous Anatomy and Physiology courses as part of the normal curriculum.  The study will 
then conclude with another attitudinal survey to determine any changes in attitudes toward 
the learning of science and/or healthy lifestyles.  Any family that chooses not to participate 
will still take part in all lessons as part of their course grade. However, their data from the pre-
and post-tests and surveys will not be included in the research for this study.  Each lesson will 
be approximately 90 minutes in length and occur at least once a week or up to every other 
day, depending on school availability for both time and space.  All lessons and their 
components will take place on the campus of Hazelwood West High School in the Science 
classrooms or laboratories and experimental sports activities will be conducted in the 
appropriate athletic facilities on the campus for the sport being studied during that lesson.   
 
Up to 30 individuals may be involved in this research. 
 
b) The amount of time involved in your child’s participation will be approximately 90 minutes 
during each session for a total of 12 sessions maximum.  During that time, data from pre-and 
post-tests and surveys will be collected as direct participation in each lesson. 
 
3. There should be no risks or discomforts to your child associated with this research other than 
those present in a physical education course including potential injury risk associated with 
any physical activity or sports participation and uncomfortable feelings that might come from 
answering certain questions. 
 
4. There are no projected benefits to your child from participating in this research.  A $10.00 gift 
certificate raffle may be needed if not enough participants volunteer to entice additional 
student participation. 
 
5. Your child’s participation is voluntary and you may choose not to let your child participate in 
this research study or to withdraw your consent for your child’s participation at any time. 
Your child may choose not to answer any questions that he or she does not want to answer. 
You and your child will NOT be penalized in any way should you choose not to let your child 
participate or to withdraw your child.  All students will be expected to complete all of the 
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tasks associated with each lesson since they are part of the normal curriculum.  They will 
simply have their data excluded from the study.    
 
 6. We will do everything we can to protect your child’s privacy. As part of this effort, your child’s 
identity will not be revealed in any publication or presentation that may result from this study. 
In rare instances, a researcher's study must undergo an audit or program evaluation by an 
oversight agency (such as the Office for Human Research Protection). That agency would be 
required to maintain the confidentiality of your child’s data. 
 
7. If you have any questions or concerns regarding this study, or if any problems arise, you may 
call the Investigator, Erin M. Roades (314) 953 - 5800 or the Faculty Advisor, Dr. Kathleen 
Haywood (314) 516 - 5872.  You may also ask questions or state concerns regarding your 
child’s rights as a research participant to the Office of Research Administration, at 516-5897. 
 
I have read this consent form and have been given the opportunity to ask questions.  
I will also be given a copy of this consent form for my records.  I consent to my child’s 
participation in the research described above. 
   
Parent’s/Guardian’s Signature                    Date  Parent’s/Guardian’s Printed Name 
   





Signature of Investigator or Designee         Date  Investigator/Designee Printed Name 
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 Department of Education Preparation & Leadership 
One University Boulevard 
St. Louis, Missouri 63121-4499 
Telephone:  314-953-8210 
E-mail: eroades@hazelwoodschools.org 
Informed Consent for Participation in Research Activities 
Participation in Sporting Activities as a Mechanism for Enhancing Science Instruction 
Participant _______________________________HSC Approval Number ___________________ 
Principal Investigator __Erin M. Roades_________PI’s Phone Number   ____(xxx) xxx - xxxx____ 
 
Summary of the Study 
The following project is a research study to utilize your child’s test score performance and 
attitude survey results to measure the effectiveness of two teaching mechanisms for learning 
science and attitudes toward healthy lifestyles and science learning.  Participation is voluntary 
and those choosing to not participate will not be penalized in any way; they shall only have their 
test scores removed from the published study results.  Any student that chooses not to participate 
(even if their parent/guardians do grant permission) will have their scores removed but will still 
engage in the lesson since it is a normal part of the curriculum.  Over the course of a maximum of 
five weeks will we conduct the sports science unit, with lessons lasting 90 minutes of class periods.  
Some participants will engage in lessons of a typical teaching mechanism designed as laboratory 
activity combined with a lecture/discussion.  Other students will engage in experimental science 
teaching mechanism designed for real-world application using sports activities/drills to increase 
relevance before the understanding of the science content to that sporting scenario. 
 
1. Your child is invited to participate in a research study conducted by Erin M. Roades and under the 
review of Dr. Kathleen Haywood with the University of Missouri - St. Louis. The purpose of this 
research is to determine the possible benefit of learning science that participation in sports is 
proposed to enhance and examination of possible attitude changes toward learning science or 
living a healthy lifestyle.  Students will participate in activities associated with a specific sport 
during individual sessions and then use that experience to improve their understanding of a 
science topic directly related to that sport.  While multiple sources promote engaging in physical 
activities (such as sports) and their positive effects for a healthy lifestyle exist, this research study 
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is aware of possible injury or negative behaviors and will attempt to minimize these as we are 
interested in the changes of attitudes toward healthy lifestyles not the execution of that lifestyle. 
 
2.  a)  Your child’s participation will involve students initially to take a survey to determine their 
attitudes toward the learning of science and healthy lifestyles.  In addition, to survey responses, 
we are seeking permission to use your child’s (anonymous) test scores from this sports science 
unit of the course.  Each of the lessons is from the normal curriculum, but new pretests and 
posttests have been devised to assess student growth.   
Students will begin with a brief pre-test to determine their level of knowledge before 
exposure to the instructional design.  After this pre-test, students will be divided into two groups 
to receive different instructional designs for the same lesson topic.  The first group will receive 
the traditional style of lesson lecture and lab.  The second group will receive an alternative lesson 
which will first begin with the participation of students in a sport-related drill or game and then 
followed with an abbreviated lesson of the same topic designed to specifically integrate the sport 
with the science content to be learned.  Both groups will then conclude the lesson with a brief 
post-test to determine any change in student knowledge due to their participation in their 
respective groups.   
During future lessons, students will have the opportunity to participate in each aspect of 
the study and increase equability and decrease bias throughout the study.  These lessons will 
occur through the full length of the unit designed for this study each with a different sport and 
science topic.   
All pre- and post-tests have been used in previous Anatomy and Physiology courses as 
part of the normal curriculum.  The study will then conclude with another attitudinal survey to 
determine any changes in attitudes toward the learning of science and/or healthy lifestyles.   
Any family that chooses not to participate will still take part in all lessons as part of their 
course grade. However, their data from the pre-and post-tests and surveys will not be included in 
the research for this study.  All lessons and their components will take place on the campus of 
Hazelwood West High School in the Science classrooms or laboratories and experimental sports 
activities will be conducted in the appropriate athletic facilities on the campus for the sport being 
studied during that lesson. 
 
Approximately 24 individuals may be involved in this research at the University of Missouri-St. 
Louis.  
     b) The amount of time involved in your participation will be approximately 90 minutes in 
length and occur at least once a week or up to every other day, depending on school 
availability for both time and space.  The total length of the study will consist of a maximum 
of 12 lessons.  There is no anticipated remuneration to compensate students participating in 
the study as the lessons are part of the normal curriculum. 
 
3. There should be no risks or discomforts to your child associated with this research other than 
those present in a physical education course including potential injury risk associated with any 
physical activity or sports participation and uncomfortable feelings that might come from 
answering certain questions. 
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4. There are no projected benefits to your child from participating in this research.  A $10.00 gift 
certificate raffle may be needed if not enough participants volunteer to entice additional 
student participation.  Should this raffle be needed, each student volunteering to participate 
will have their name entered for a drawing to be conducted at the end of the study.  All 




5. There will be no clinically relevant research results, including individual research results. 
 
 
6. Your participation is voluntary and you may choose not to participate in this research study 
or withdraw your consent at any time.  You will NOT be penalized in any way should you 
choose not to participate or withdraw.  If any student has a concern regarding their 
participation (for example due to physical limitations) alternatives for earning course credit 
are available from your instructor.  
 
7. We will do everything we can to protect your privacy.  As part of this effort, your identity will 
not be revealed in any publication that may result from this study.  In rare instances, a 
researcher's study must undergo an audit or program evaluation by an oversight agency (such 
as the Office for Human Research Protection) that would lead to the disclosure of your data 
as well as any other information collected by the researcher.   
 
8. If you have any questions or concerns regarding this study, or if any problems arise, you may 
call the Investigator, Erin M. Roades (314) 953 - 5800 or the Faculty Advisor, Dr. Kathleen 
Haywood (314) 516 - 5872.  You may also ask questions or state concerns regarding your 
child’s rights as a research participant to the Office of Research Administration, at 516-5897. 
 
 I have read this consent form and have been given the opportunity to ask 
questions.  I will also be given a copy of this consent form for my records.  I hereby 
consent to my participation in the research described above. 
 
   
Participant's Signature                                          Date 
   
 
PARTICIPATION IN SPORT FOR ENHANCED SCIENCE INSTRUCTION  174 
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 Department of Education Preparation & Leadership 
One University Boulevard 
St. Louis, Missouri 63121-4499 
Telephone:  314-953-8210 
E-mail: eroades@hazelwoodschools.org 
Assent to Participate in Research Activities (Minors) 
Participation in Sporting Activities as a Mechanism for Enhancing Science Instruction 
 
1.  My name is Erin M. Roades and I am your instructor for Anatomy and Physiology. 
 
2. I am asking you to take part in a research study because we are trying to learn more about 
the possible benefit of learning science when participation in sports is linked to scientific 
knowledge.  As you may know, science underlies much of sport.  You will play a specific 
sport during some individual sessions and then use that experience to improve your 
understanding of a science topic directly related to that sport.  This will be compared to 
other lessons using the more traditional lecture/lab design.  We are interested in whether 
this could be more motivating and rewarding than traditional lessons and therefore help 
students attain a higher level of science knowledge. 
 
3. If you agree to be in this study your participation will involve the initial taking of an online 
pre-survey to determine your attitudes toward science, sport, health and learning.  In 
addition to survey responses, we are seeking permission to use your (anonymous) test 
scores from the course.  If you choose not to participate, your active participation in the 
lessons will still be part of your grade for the class, your test scores will simply not be used 
in this study.  Each lesson will begin with a brief (5-10 minutes) online pre-test to 
determine your level of knowledge before exposure to the instructional design, you shall 
then participate in the lesson and then end with a brief (5-10 minutes) online post-test to 
determine any change in your knowledge due to your participation.   These lessons will 
be repeated through the length of the study each with a different sport and science topic.  
After the study, a post-survey of attitudes will determine any attitude changes.  Each 
lesson will be approximately 90 minutes in length and occur at least once a week or up to 
every other day, depending on school availability for both time and space.  All lessons and 
their components will take place on the campus of Hazelwood West High School in the 
Science classrooms or laboratories and experimental sports activities will be conducted 
in the appropriate athletic facilities on the same campus for the sport being studied during 
that lesson. 
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4. There may be no risks or discomforts to you associated with this research. The potential 
for injury risk associated with any physical activity or sports participation is present as 
well as uncomfortable feelings that might come from answering certain questions. If you 
do, please come and talk to me.  
 
5. There are not any projected benefits from being in this study but you might enjoy 
participating in it. 
 
6. Please talk this over with your parents before you decide whether to participate.  I also 
will ask your parents to give their permission for you to take part in this study. Even if 
your parents say "yes," you still can decide not to do this. 
 
7. If you don't want to be in this study, you don't have to participate. Remember, being in 
this study is up to you, and no one will be upset if you don't want to participate or if you 
change your mind later and want to stop. 
 
8. You can ask any questions that you have about the study. If you have a question later that 
you didn't think of now, you can call me at (314) 953 - 5800 or email me at 
eroades@hazelwoodschools.org. 
 
9. Signing your name at the bottom means that you agree to be in this study. You and your 
parents will be given a copy of this form after you have signed it. 
 
__________________________________  ________________________________ 
Participant’s Signature                            Date          Participant’s Printed Name 
___________________________________  ________________________________ 
Parent or Guardian’s Signature              Date                           Parent or Guardian’s Printed Name 
______________ _________________ 
Participant’s Age Grade in School 
 
